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The reorganization measures adopted 
by the rolling-stock department of the Bel- 
gian Railways during the early months of 
1929 gave such good results quickly that 
we consider an account of them may be 
of interest to those who, in the various 
railway systems, 
maintaining and repairing goods vehicles. 

In order to be effective, a description of 
an organization method should enable the 
reader to make comparisons with a similar 
problem he himself may have to solve. 
It is in order to make.such comparisons 
possible that it is of interest to give first 
of all some general information on the 


rolling stock problem, as it exists on the 


Belgian Railways. 
CHAPTER I. 


General information. 


A. — Goods traffic. 


a) Nature and amount of the traffic. 


The following table shows for the year 
4929 the amount of tonne-kilometres (of 


are responsible for — 


ton-miles) for important categories of 
goods: 


T.-km. (E. ton-miles 
Nature of the goods. in 1928 
(in millions) 

eli 28;, owe oe tee 2 638 (1613) 
Metallurgical products . 1 374 (839) 
Ores. es 1 047 (640) 
Sundry . 2 752 (1683) 

7 808 (4775) 


The diagram, figure 1, shows the sub- 
division of the traffic handled by the 
Belgian National Railways on their var- 
ious lines. 

The thickness of the strokes is propor- 
tionate to the number of trains passing 
over the lines shown. 


b) Turn-rownd time of the vehicles. 


The average turn-round time of a goods 
vehicle was 4.6 days in 1928. 

The average number of wagons loaded 
was 21 147 per working day in 1928. 


c) Shunting in stations. 


Shunting of wagons in the large goods- 
stations is done by gravity, the wagons 
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being stopped by means of Biissing skid 
brakes. 

The average rate of shunting is 200 
wagons per hour. 


d) Heavy traffic seasons. 


Each year, the Belgian railway system 
has a period of heavy traffic. This pe- 
riod, which runs from 15 October to 
145 November, is notable for the heavy 
demand for covered wagons and specially 


KIND OF VEHICLES. 

Guard’s vans . 
Closed vans, 5 tons. 
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Sundry special wagons, of which 1 029 leased to the Ferry 


Boats Service 


The average life of these wagons is 
22 years, and the estimated renewal pe- 
riod of 40 years is exaggerated. As a 
matter of fact, very few orders for new 
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for open trucks for the carrying of beet- 
root and coal. 

The diagram, figure 2, shows the 
weekly trade requirements of vehicles. 


B. — Rolling stock used. 


The following table shows the amount 
of goods vehicles available on 34 March 
1929, classified according to the kinds of 
trucks: 


Average age 


Number. on 31 March 1929. 
2 474 20 years. 
25 . 30 — 
2 830 40 — 
107 37 
29 102 47 — 
2 289 44.5 — 
5 ee ok Ger "4 577 25 
Total. © 38 930 
4 530 45 years. 
3 829 46 — 
24 363 220 — 
31 274 142 — 
Z 1 664 240 — 
hotalaetee 65 657 
1 O0OGN 40 years 
160 35 — 
arte 19.5 — 
27 145 — 
1 473 26 — 
' 75 , ; 6 — 
ice sae 15 — 
651 16 — 
898 4.5 — 
222 
Total . 10 272 
5 831 20 years. 


123 164 wagons, 


wagons have been placed since the armis- 
tice. In order, therefore, not to run the 
risk of having some day to place mass- 
orders for new rolling-stock, the existing 
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stock had to be « freshened up » follow- 
ing a systematic programme of repairs, 
taking into account renewal orders which, 
as we shall see further on, it has been 
possible to limit owing to the measures 
taken. 


C. — Staff employed for the maintenance 
and repairs of rolling-stock. 


The rolling stock is maintained and 
repaired solely by the staff of the Com- 
pany. 

This work was done 
£929:): 

1. by 1 168 examiners who, apart from 
inspection work, are entrusted with small 
repairs to wagons. The men “appointed 
to examine passenger carriages are in- 
cluded in this figure of 1 168; 

2. by 230 workrien employed in the 
repairing shops at stations; 

3. by 28 sectional workshops employ- 
ing in August 1929, an average of 
15 058 hours per day of labour, or 1 884 
hands; 

4. by 4 central wagon-repairing shops 
which employed in August 1929 a daily 
average of 19000 hours of labour, or 

2 383 hands. 
_ The geographical situation of these 
various shops is shown on the diagram, 
figure 3. 


(up to 30 August 


D. — Plant. 


4. Maintenance shops. — The men 
working at these depots work in the open 
air, on one or more tracks specially kept 


for this purpose in the large goods sta- . 


tions. These maintenance depots are 
only fitted with a small forge. 

2. Sectional shops. — The construction 
of these shops is usually sufficiently spa- 


cious to enable the men to work under ~ 


cover. The tracks in these shops are 
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long enough to place on them a larger 
number of wagons than the daily-output. 
Some workshops — generally the most 
recent — have double entrances; most of 
them only have a single entrance. 
The equipment of these shops is fairly 
complete; most of them have: 


a lathe for returning tyres; 

a lathe for turning up axle journals; 

a centring lathe; 

machines for planing, drilling and bor- 
ing bushes; 

a steam-hammer with a 200-kgr. 
lb.) hammer. 


(440- 


Most of them have woodworking machi- 
nes, and even four-face planing machines. 

The wagons are usually lifted by elec- 
trically driven jacks. 

3. Central workshops. — These are 
fitted with all the latest wood and meta} 
working machinery and handling plant 
in proportion. 


CHAPTER I. 


A summary description of the old 
z organization. 


I. —- Wagons out of service. 


Wagons which are damaged had « not 
to go » labels put on them by the exa- 
miners or by station masters (or their 
delegates) at stations where there is no 
examiner. 

There were four main kinds of ibele: 


a) White labels with a red line across 
them, indicating that the wagon was to 
be repaired at one of the station repairing 
shops, when the damage was only slight 
and for which the principal work was 
that of dismantling and_re-assembling 
which is usually done in 3 hours. 

b) Yellow labels meaning that the wa- 
gon was to be sent to one of the sectional 
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repairing shops for repairs that take on 
the average 25 hours of work, with a 
maximum of 80 hours. 

c) Blue labels, meaning that the wagon 
was to go to-one of the central repairing 
shops for repairs that required more than 
90 hours work. 

d) Finally, red labels placed on wagons 
that where not fit to travel without 
immediate repairs, to be done on the spot. 

The instructions referring to the affix- 
ing of labels, although apparently very 
precise, left the inspecting staff too much 
liberty and as a matter of fact made them 
independent. It thus happened that an 
increase in the number of wagons stopped 
was always noticed when the demand for 
rolling stock was slight. 


2. — Work done in sectional workshops. 


Wagons sent to sectional workshops 
were put in good order, especially as re- 
gards detail work. 

Those requiring too much work were 
sen}, on the initiative of these shops 
alone, to central repairing shops, having 
a blue rejection label attached to them. 


3. — Work done in central workshops. 


When wagons were received for re- 
pairs at central workshops, they could not 
always be sufficiently repaired, owing to 
a too large number of wagons being sent 
in; it was impossible to reduce the num- 
ber because the examiners and the sec- 
tional workshops were able to affix blue 
labels almost as they liked, owing to lack 
of control. 


4, — The premiums system. 


The workmen in the shops had the ad- 
vantage of contract premiums: the time 
for each partial job being reckoned a 


priori, the workman received a propor- 
tionate premium for the time saved on 
the allotted time. 

As to the overseers and the manage - 
ment, their premiums were usually based 
on the labour allotted to the repairing of 
wagons. The controlling staff therefore 
had every incentive to carry out the 
greatest amount of work possible — so- 
metimes work that was of doubtful 
utility. 

Finally, the staff at examining points 
and maintenance depots got no premiums 
at all. 

The results of the above briefly explain- 
ed system are shown in the diagram, fig- 
ure 4. 

The latter shows that, in 1928 at 
certain moments, there were as many as 
18 000 wagons out of action, or about 
15 % ofthe total supply, whilst the ave- 
rage number of wagons out of service for 
that year amounted to 14700 units. 


* 
¥ * 


When estimates for rolling-stock for 
the heavy traffic periods in 1929 were 
being drawn up, the calculations showed 
a shortage of about 3 000 wagons, which 
meant purchases to the extent of 150 mil- 
lion franes. ; 

The Company decided, however, not to 
make purchases on such a big scale 
1100 wagons were bought and 2 000 wa- 
gons had to be found from the « out of 
service » stock, which meant reducing 
the latter to a little over 5000 wagons 
during the heavy traffic period. 


CHAPTER IIT. 


A study of the problem of rolling 


stock out of service. 


Right from the start, an analysis of the 
rolling stock out of action was made. 
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This laying up of rolling stock is 
shown, each day, by the number of wa- 
gons immobilised from traffic. 

This number therefore comprises the 
total number of wagons rejected, whether 
they were at stations, in trains or in the 
workshops. 

Two important factors have an in- 
fluence on the extent of the laying up : 


A. the number of wagons stopped on 
account of damages : 


B. the number of days elapsing bet- 
ween the day the wagon is withdrawn 
from service, by the affixing of a « not 
to go » label, until the time it is put back 
into service after repairs. 


A. — Number of wagons rejected. 


In view of the nature of the traffic to 
be handled by the Belgian Railways, the 
small area of their system and the nume- 
rous interchanges of rolling stock with 
foreign railway systems, it was consider- 
ed impossible to allocate a definite num- 
ber of vehicles to our interior traffic. If 


such a measure had been practical, we _ 


could have made special arrangements 
for our interior traffic and thus reduce 
the causes of stopping. 

A general rule that every vehicle had 
to comply, at any given moment, with 
the conditions imposed by the R. I. V. had 
however to be made. 

Under these conditions, any vehicle 
_that does not comply with the R. I. V. or 
is not quite up to its booked load has to 
be stopped. 


B. — Laying up. 


The time elapsing between stopping a 
wagon and its being put back into ser- 
vice must be divided into two distinct 
parts : 

a) traffic-immobilisation, i. e. the time 


necessary for a labelled wagon to arrive 
at the workshop ee with its re- 
pairs : 

b) rolling stock-immobilisation, i. e. 
the time necessary for it to be put into 
a good state of repair. 


These two subdivisions of immobilisa- 
tion of a wagon should be studied quite 
apart, as the means to be used for reduc- 
ing them are quite different. 

We would add straight away that the 
traffic immobilisation is much more im- 
portant than rolling stock immobilisation 
and that on this account, the problem of 
the number of wagons out of service on 
account of damage is mainly a working 
problem. 

From February 1929 onwards, we had 
already taken a series of measures which 
gave good results at the start, as shown 
by the curve of damaged wagons. 

But soon after, in April and May, we 
could not maintain this improvement 
and we had to complete the organisation 
as isshown in the following part of this 
article. 


CHAPTER IV. 
Principles of the new organisation. 


1. — Rejection of wagons. 


a) As regards quantity. 


As we have shown above, a vehicle can 
only be rejected for reasons of safety : 
either as regards traffic, in the sense of 
the R. I. V., or as to load. 

The strict application of this rule has 
reduced the number of rejections : in fact, 
the examiners formerly stopped wagons 
for very slight damages, to a certain ex- 
tent according to commercial traffic re- 
quirements, but in any case without any 
method. 
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On the other hand, among the wagons 
composing our rolling stock, we were 
able, by means of statistics, to find out 
which were defective types, subject to 
frequent damage, always of the same 
nature, and requiring the most mainte- 
nance. It was then logical to withdraw 
these vehicles from all traffic during nor- 
mal periods, i. e. from January to the end 
of September. That was the reason for 
forming the reserve depots (garage R.). 

From a certain period, therefore, and 
in accordance with instructions _ given 
twice a month, by means of a fortnightly 
bulletin issued by the central rolling stock 
authorities, worked out in conjunction 
with the central operating department, 
the examiners or workshops send to de- 
pots at certain stations named, on lines 
usually used for storing superflous roll- 
ing stock or reserve material, the wagons 
indicated in the fortnightly bulletin. 

These depots are specialised for hous- 
ing covered wagons or open top wagons. 
They are spread about the railway sys- 
tem, taking into account not only spaces 
available but also the probable places of 
demand when heavy traffic arises. 

The map, figure 5, shows the localities 
adopted in 1929-and the maximum capa- 
city of each storage depot. 

The wagons housed there must be in a 
fit state for traffic. They have affixed 
to them a large letter R painted in white, 
so as to avoid their being taken into use 
before an order has been issued by the 
central rolling stock authorities. All exa- 
minors have, in effect, received orders 
fo stop any wagon bearing the aforesaid 
letter R from being used for traffic 
purposes. ' 


On the 30 August 1929, the date from 
which covered wagons were progressively 
withdrawm from these depots, there were 
9700 wagons stored, of which 4 600 


were covered wagons and 5 100 open top 
wagons. 

The putting into service of the R wa- 
gons is done according to a schedule 
drawn up by the rolling stock department 
in such a manner that these wagons may, 
as far, as possible, go to a repairing shop 
before being handed over to commercial 
traffic. This precaution seemed to be in- 
dispensable to avoid defects arising from 
being garaged for long periods. The 
number of wagons to be sent periodically 
and by predetermined trains to a repair 
shop was fixed so as to avoid any block- 
ing up, 


b) Stopping of wagons as regards quality. 


So as to avoid an excessive forwarding 
of wagons to central workshops, exami- 
ners and the sectional workshops can no 
longer send wagons to central workshops. 

Vehicles which the sectional workshops 
consider too seriously damaged to be re- 
paired by them — a condition which is 
usually estimated by fixing at about 120 - 
hours the work to be done by the buil- 
ders and carpenters’ gangs — are collected 
in.a few important sectional workshops 
specially appointed for this purpose. 

Officials from headquarters visit the 
latter periodically and pick out those wa- 
gons which it appears justifiable to send 
to central workshops. 

This method of procedure has enabled 
us to reduce very considerably the num- 
ber of wagons immobilised at central 
workshops. Whereas on the 8 May 1929, 
the number of wagons out of service for 
repairs at central workshops was 4 669, 
it was 2930 on June 1929 and 1 355 on 
8 July 1929. 

The supplying of the central workshops 
by a special travelling committee has nu- 
merous and important advantages : creat- 
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ing a large stock of damaged wagons is 
thus avoided; the wagons to be repaired 
are chosen judiciously, in proportion to 
the capacity of the workshops and, finally, 
a systematic supply to them is obtained, 
which enables them to work on mass-pro- 
duction lines and better specialise the la- 
our. 

We should mention that a consequence 
of the reduction of immobilisation for 
the central workshops is that certain 
extension works; which were considered 
as indispensable until quite recently, can 
now be definitely abandoned and this 
has already saved an outlay of several 
million franes. 


B. —- Immobilisation at the expense of 
the operating department. 


‘In order to accelerate the forwarding of 
stopped of wagons to the repairing shops, 
we created for each station a forwarding 
register, viz. a classification according to 
which each station master knows to which 
destination and by which train he has to 
send a wagon of any particular type that 
is standing damaged in his station. 

This form, shown in figure 6, takes 
into account not only the different kinds 
of damage sustained by the wagon but 
also the streams of traffic, thus enabling 
the wagons to be sent on, as far as pos- 
sible, following their natural course. 

For instance, a station A, situated bet- 
ween two repairing shops B and C, will 
send damaged covered wagons to B if B is 
a centre using covered wagons or if B is 
situated in the direction of a centre nor- 
mally using covered wagons coming from 
station A. 

For the same reasons, open top wagons 
can be sent to repairing shop C. 

The stations in the neighbourhood of 
repairing shops have more detailed forms: 
on these are found the compulsory hours 


for supplying the repairing shops, as also 
the hours for taking delivery of wagons 
repaired by these shops. 

It is expected that the strict application 
of the forms by the operating department 
will reduce the average operating immobi- 
lisation to less than 2 days. At present, 
for wagons repaired in sectional shops, 
this immobilisation still amounts to 3.6 
days. 


C. — Immobilisation at the expense 
of the rolling stock department. 


The rapidity with which repairs to wa- 
gons are carried out is a question of 
quantity of labour and above all of orga- 
nisation of labour. 

As the maintenance places in the sta- 
tions only attend to greasing and the re- 
placing of a few spare parts, wagons usu- 
ally stop there only half a day, which is 
the minimum allowed in accordance with 
the station forms. 

In the sectional shops where, according 
to the whims of the foremen, the work 
might be considerably more or less, the 
orders given at present specify that the 
workshop is to restrict itself strictly to 
putting the wagons in a fit state for traf- 
fic, viz. that a vehicle coming out repaired 
shall comply with the R. I. Y. and give sa- 
fety as regards load. This is the only 
condition imposed when the vehicle comes 
out, except that the work has to be pro- 
perly done. 

It is therefore allowed for the workshop 
not to do all the work that might be re- 
quired ii the vehicle is to be put into a 
perfect state of repair, whilst insisting 
that any work actually done shall be pro- 
perly done. 

It is considered as a general rule that 
the role of sectional workshops is not to 
improve the general state of rolling stock 
-— a role which belongs to the central 
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fe'erot Division. No. 


| DESPATCHING-FORM FOR DAMAGED WAGONS 


A aii - ; : a greasing depot. 
Montignies-Formation — Station having relies es I 
a maintenance depot 


bass | NATURE OF WORK ee eee No. of the | Time Se 
q - ; of arrival to 
é ce to the station | ' the workshop SUN at be requisi- eee. 
‘icle. BE DONE. at ote ae enance'|goodstrain.|,Jestination.|. tioned. 
epot. 
| 
1 Ge Bs) a) bay aan Ceara ar Charleroi. Workshop. 6693/6299 | 7 a.m. 
2. By workshop . . . do. do. do. do. 
3. Greasing. . Montignies. Maintenance depot Pie sibs MH) 
_H 4, Putting onspecialtrack. do. do. uo do. 
5. Repairs to avoid trans- 
Shipmentiige.t sree. do do. 500 do. 
6. Immediate repairs. . ooh Se ado 7s Montignies. 
A IGILOLE Se” ace ee tive yin “aes Charleroi. Workshop. 6693/6299 | 7 a.m. 
2..By workshop . ... do. do. do. do. 
3. Greasing. . Montignies. | Maintenance depot. a 8’a. m. 
IF 4. Putting on special track. do. do. Sag do. 
5. Repairs to avoid trans- 
shipments: - aan do. do. ans do. 
l 6.. Immediate repairs. . a oes en mt do. 
fitting see. sae bos Charleroi. Workshop. 6693/6299 | 7 a.m. 
2. By workshop... do. do. do. do. 
3. Greasing~. Montignies, | Maintenance depot. fe Sa. m. 
IPV 4. Putting on special track. do, do. Re do. 
5. Repairs to avoid trans- 
Shipmientme stutter do. Seco se do, 
' 6. Immediate repairs. .| - a Ba Bor os do. 
Anebi thing ee Ee ee Charleroi. Workshop. 6693/6299 | ‘7 a. m. 
z. By workshop. . . do. do: do. do. 
; 3. Greasing.. . Montignies. | Maintenance depot. fic 8 a. m. 
iD 4, Pultingon special track. do. do. Boe do. 
5. Repairs to avoid trans- 
shipment . . : do. do. on do. 
| 6. Immediate repairs . ; eer 45 Grea Sis do. 
sAeMLiftingyes, <i toler Charleroi. Workshop. 6693/6299 | 7a. m. 
2. By workshop . . . do. do. do. do. 
ither 3. Greasing. . Montignies. Maintenance depot. <3 Siam 
ecial ¢ 4. Putting onspecialtrack. do do. oot do. 
agons | 5. Repairs to avoid trans- 
shipment . . : do. do. fe do. 
| 6. Immediate repairs . . at eee bre a do. 


| 
.A. Concentration in the station of damaged rolling-stock : 
Track 12 of group IV and 12 of group III. 
LB. Received by Rolling Stock Service before 8 a. m. “is 
C. Delivery is taken on track 11 of group III. 
D. Rolling stock returned repaired at 5 p. m. 
iL, This rolling-stock is received by Traffic Service on track 41 of group III. 
‘Suniry. Fig. 6. 
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workshop — but to enable the wagon to 
give the maximum of service whilst being 
used by the traffic department. 

On the other hand, as the number of 
wagons sent to a workshop varies essen- 
tially, and the minimum amount of im- 
mobilisation being the main point to look 
after, each workshop should have a cer- 
tain reserve of labour, to be used for the 
purpose of generally improving the roll- 
ing stock. 

It is with this object in view that work- 
shops, with the labour at their disposal, 
and maintenance work having been at- 
tended to, should put into a good state of 
repair those wagons of which the general 
state leaves something to be desired. 

According to the instructions given, 
wagons in a good state of repair should 
have a sound frame; all improvement 


work on the frame is to be done by the . 


central workshops; those wagons that have 
a sound frame should have their floor re- 
moved and put into a good state of repair 
or else renewed entirely, the frame should 
be properly scoured and then painted with 


two layers of red lead; the wagon should - 


then be completely painted after a thor- 
ough repairing of its bodywork and the 
eventual carrying out of any changes or- 
dered. 

It is considered that this repair work 
will last about 4 years, and the output of 
ihe sectional workshops must be regulated 
accordingly. 

At present the average immobilisation 
of wagons repaired in sectional workshops 
is 1.8 days; many of the wagons only re- 
main there for 4 hours. 

It is evident that rolling stock-immobi- 
lisation in central workshops is longer 
as, apart from taking longer to repair, 
one must reckon on a longer waiting per- 
iod at a central workshop before being 
taken in hand. The programme consider- 


ed consists in reducing this waiting per- 
iod to 5 er 6 days and organising the re- 
pairs to be done within 12 days, making 
a total of 18 days in all. 

Att present, the average is still a month. 

As regards the repairs, we insist on 
their being complete, including a thor- 
ough repair of the frame. We intend, in 
fact, that wagons should do 8 years’ work 
before returning to the central work- 
shops. 

In consequence of accidents, certain ve- 
hicles will, of course, have to be sent ‘to 
a central workshop before their time. 

In order, therefore, to maintain an aver- 
age of 8 years, one must repair a certain 
number of wagons in such a manner that 
they will last on the average more than 
8 years. We reckon that we shall be able 
to achieve this by doing so called « per- 
fect » repairs, or making practically new 
those wagons of which the frame is in a 
new condition after repairs. 

(Finally, the organisation of labour in 
the workshops has-already been thought 
out with much care; this has enabled us 
to reduce to 12 days the repairing of wa- 
gons to a perfect condition. 

As an instance of organisation, we may 
mention the lifting of the wagons which 
is regularly done in 10 minutes. 

The principal characteristic of the mea- 
sures adopted is the systematic efforts 
towards the preserving of the frame from 


rust and the hod ork by means of good, 


painting. 
With this programme, it is necessary to 
produce each day a certain number of 


_« 8-year » repairs and « 4-year » condi- 


tionings. 

The lightening of work in shops ¢ con- 
sequent on adopting rational methods has 
been such that, the maintenance work 
having been properly done, it has been 


possible to keep pace with the « 8-year » 
and « 4-year » repairs output. : a 
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lf the output were considered insuffi- 
cient at any given moment, we should im- 
mediately remedy this by extending the 
means at our disposal, but it is permis- 
sible 'to consider the present means as 
being sufficient, taking into account the 
continual improvement in the plant and 
output. 

But these organisation methods would 
only give good results it they were per- 
manently and minutely looked after. 


CHAPTER VY. 
Controlling measures. 


The immobilising of rolling stock being 
the most important factor to follow, the 
extent of it is ascertained daily by the 
central rolling stock department. 

With this object in view, each stopped 
wagon bearing a stop-label must have a 
document such as is shown in figure 7, 
drawn up by the official who has made 
out the rejection-label (station master or 
his delegate). 

This document is immediately sent to 
the central wagon depot, where it is ex- 
amined and filed. 

On the other hand, each workshop 
sends daily to the same central office a 
list of wagons received for repairs, using 
a form as shown in figure 8. 

Finally. all repairing services send daily 
to the same central office a statement of 
wagons repaired (see form B, figure 9). 

In view of this, the central office can : 


1. verify whether stations keep to the 
despatching rules; sae ve 

%. see that the rolling stock-immobili- 
sation in workshops is not excessive; 

3. ascertain the daily extent of the traf- 
fic-immobilisation ; 

4. ascertain the daily extent of rolling 
stock-immobilisation and consequently, 


3. estimate the amount of total immobi- 
lisation. 


On the other hand, any wagon sent to 
an R garage has a document similar to 
that of the rejected wagon. 

Therefore, a permanent stock-list of the 
R garages is kept at the central office. 

Finally, a special classification of docu- 
ments by repair shops enables the daily 
immobilisation of all the shops to be as- 
certained. 

The personnel entrusted with this work 
comprises about ten officials mostly re- 
educated men, viz. workmen who have met 
with accidents in their own services and 
consequently incapable of performing 
their normal duties. 

The various daily statistics are made 
within 48 hours,.i. e. the immobilisation 
on the 16th at midnight would be known 
on the 18th at the end of the day. 

In order to enable any repairing service 
to help in the improvement of total-im- 
mobilisation, the latter, made up a priori 
for the whole system, has been later di- 
vided among all workshops, taking into 


account their means of action and any 


circumstances peculiar to them. 

The result of this is that immobilisa 
tion counted to any shop does not include 
only wagons on its premises, but also 
rejected wagons that are intended to go 
there but are still at stations. 


CHAPTER VI. 


Part played by the personnel. 


These organisation measures, submitted 
to a minute control by the central ser- 
vice, would have appeared incomplete if 
they had not been accompanied by re- 
forms that affected the overseeing staff 
pecuniarily, with a view to the final object 
we had in mind. 
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Wagon : (1) 


Type (2) Home central workshop. 


Examiner No. (5) Se ee Sects 


Form made out by aire ii 
Employee 


of the station ELA (:) pote fem eeeeeeaiegee se L278 Ol Eee 
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co. of day Workshop No. 
Statement of damaged wagons received. 
Number Presumed extent 
- Date of repairs. 
0. of Type. Forwarded by Remarks, 
stopped. 

wagon. Frame. |Bodywork.} Total. 

if (2) @) (4) (5) (6) (7 (8) (9) 
Fig. 8. 
Workshop No 

Vo. of day Maintenance depot 


Statement of wagons repaired. 


ane ron. . [mmobilisation. 
Description of the wagon ronnes 2 Extent 
ake Gy it 
2 repairing shop.} 7 2.4 : of the NATURE 
“Number S 5 Parts OSs ; ‘3 : 
. ee os ap are 
sa. Ss EO a ° repair Ss 
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is that a foreman of a wagon repairing portional inverse ratio to the immobilisa- 
shop has interest not only to see that tion in their group; it is therefore in their 
repairs are effected quickly, but also to interest to decrease any such immobilisa- 


ie AE 
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see that no truck is rejected unduly — _ tion. 
from whence we have a check over the Finally, officials of maintenance depots 
examiners — and also that wagons are having premiums based on a similar sys- 


sent to him without delay — from whence tem find it in their interest to repair as 

the shops can control the fact that sche- many wagons as possible, so as to reduce 

dules are being complied with. the expenses: of the neighbouring repair 
The examiners get premiums in a pro- shop. 
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CHAPTER VII. 
Results obtained. 


The diagram, figure 4, giving on the 
one hand the number of wagons rejected 
and on the other hand the number of wa- 
gons immobilised, shows that the results 
anticipated have been attained and even 
surpassed. 

It may be of use to give below the total 
hours of labour per day in sectional work- 
shops from the 1 January 1928, in order 
to show that these results have been ob- 
tained in spite of a considerable reduc- 
tion in the number of hands employed : 


1928 1929 
January ... 416570 16 577 
February .. .~ 17545 13 190 
March .. 17130 14735 
April. ne 17700 16375 
Mavs. oss 17550 =: 16. 330 
SUG Sia ta 18 300 16 530 
AGL een pee Sa 20 440 15 593 
August .... 18970 15088 
September .. 18 615 14 692 


October. ... 17983 = 
November... 18920 mas 
December 17 320 — 


It goes without saying that serious re- 
pairs done according to such a programme 
are more costly, both as regards labour 
and materials. The methods in use, how- 
ever, are of too recent application to give 
precise criticism on this point. What- 
ever the result of a comparison between 
this method and the one used formerly, 
there is not doubt that finally the cost 
price of the maintenance of the whole of 
the rolling stock will continue to decline. 

‘Temporarily, at least, the expenses must 
be higher because they tend to improve 
the standard of the stock and to carry out 
systematically the alterations and impro- 
vements acknowledged to be necessary. 
When these sacrifices have been made, the 
Company shall be face to face with a nor- 
mal situation in which it will have to 
maintain a stock in which the age of the 
vehicles will be brought down to normal 
limits. 

October 1929. 
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BRITISH LOCOMOTIVES IN 
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DESIGNS AND WORK, 
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« The Railway Magazine » and « The Railway Year Book ». 


Figs. 1 to 7, pp. 1672 to 1678. 


I. — Designs. 


In one respect, 1929 will rank as one of 
the most remarkable in locomotive history, 
in that it witnessed the completion of two 
engines, each representing a notable de- 
parture from ordinary practice and con- 
stituting two distinctive experiments in 
the utilisation of steam pressures substan- 
tially above anything hitherto used in 
British locomotive designs. These are, 
respectively, Mr. H. N. Gresley’s compound 
4-6-4, with Gresley-Yarrow water-tube 
boiler and other special features, and 
designed to work at 450 lb. per square 
inch, and Sir Henry Fowler’s application 
to a « Royal Scot » class locomotive of the 
Schmidt double-pressure system, includ- 


ing the use of steam at 4400 and 900 Ib. 


per square inch, on a system tried in Ger- 
many two years ago. 

Mr. Gresley’s engine is illustrated in 
figure 1, and, as will be seen, presents a 
decidedly unconventional appearance. 
Particular interest attaches to the boiler. 


As it was proposed to use a pressure of 
450 lb. per square inch, a boiler of 
the water-tube type was decided upon. This 
has been designed by Mr. Gresley in 
conjunction with Mr. H. E. Yarrow spe- 
cially to meet the requirements of 
locomotive service, and has been con- 


structed by Yarrow & Co., Ltd., of Glas- 


gow. It is built up with one steam drum 
3 feet inside diameter by 27 ft. 11 5/8 in. 
long, and two water drums on either 
side of the firebox, each 18 inches in 
diameter and 11 ft. 5/8 in. long, and 
two other drums under the forward part 
of the boiler, each 19 inches in diameter 
and 413 ft. 5 3/4 in. long. The forward 
drums are connected to the steam drum 
by 444 two-inch tubes and 74 2 1/2-inch 
tubes. The drums at the side of the fire 
grate are connected to the steam drum 
by 238 2 4/2-inch tubes, and there is a 
back screen of 12 2 1/2-inch tubes. All 
the drums are solid forged and machined 
all over. The use of a pressure of 450 Ib. 
necessitated a complete change in all the 
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ordinary boiler practices, and special 
forms of safety valves, regulator, water- 
gauge and injectors have had to be pro- 
vided. The main regulator admits high- 
pressure steam to the high-pressure 
steam chests. To facilitate starting, an 
additional supply of steam can be ad- 
mitted through a small regulator to the 
low-pressure steam chest, but this must 
be closed directly the engine has got 
away. A special form of superheater, 
supplied by the Superheater Company, 
has been fitted in the main flue on 
the boiler side of the regulator, so 
that the elements are always under full 
steam pressure. The elements are con- 
nected to two forward headers located 
immediately in front of the water tubes. 
The front end of the engine is of novel 
design, as the boiler is built to the 
extreme limit of the gauge. Therefore, it 
is not possible to have a chimney of the 
ordinary pattern projecting above the top 
line of the boiler. Before arriving at the 
shape of the front end, Mr. Gresley car- 
ried out experiments, in conjunction with 
Prof. Dalby, at the City and Guilds Tech- 
nical College. 

The engine is a four-cylinder com- 
pound, having two high-pressure cylin- 
ders, each 12 inches in diameter and 26 
inches stroke, driving on the front coup- 
led axle. The low-pressure cylinders are 
situated outside the frames and are 
standard with the cylinders used on the 
Pacific engines, being 20 inches in dia- 
meter by 26 inches stroke. Two sets of 
valve gear are employed for operating the 
four valves. Walschaerts valve gear is 
fitted to the outside cylinders and the 
valves of the inside high-pressure cylin- 
ders are operated by means of a novel 
rocking shaft arrangement patented by 
Mr. Gresley. There are two sets of steam 
reversing gear, one to control the Wal- 
schaerts valve gear and the other to con- 


trol and vary the cut-off of the high- 
pressure cylinders, The trailing end of 
the engine is carried on two axles, the 
forward one being similar to that in the 
Pacific engines, having Cartazzi axle- 
boxes, and the rear one fitted to a Bissel 
truck with the centre located immediately 
under the front of the firebox. It was 
not possible to fit a bogie to the trailing 
end. The engine is fitted with a corridor 
tender of the standard type as used on 
the company’s Pacific engines. 

Sir Henry Fowler’s engine (fig. 2) is 
not quite so unconventional in general 
appearance, but it is equally remarkable 
in regard to design and operating system. 
The engine was built in conjunction with 
The Superheater Co. Ltd. at the works 
of the North British Locomotive 
Co. Ltd. The design of this loco- 
motive follows the « Royal Scot » class 
with regard to the frame, but the engine 
is a three-cylinder compound, the high 
pressure cylinder being situated between 
the frames and the two low pressure 
cylinders outside the frames. The boiler 
provided is of the Schmidt high pressure 
type, and consists of three distinct sys- 
tems of boilers, each carrying a different 
pressure. The system having the highest 
pressure, 1 400-1 800 Ib. per square inch, © 
the variation in pressure depending on 
the rate of firing is in the form of a 
« closed circuit », consisting of a number 
of pipes which form the sides, roof and 
back end of the firebox. These pipes are 
connected at the bottom to a foundation 
ring and at the top to equalising drums. 
From the equalising drums, pipes are led 
to evaporating elements which are situa- 
ted in the high pressure drum. 

This closed circuit is initially filled to 
a predetermined level with pure water, 
and this latter is the medium by means 
of which heat is transmitted from the 
firebox to the evaporating elements in 
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the high pressure drum, which furnishes 
steam at 900 lb. per square inch for the 
high pressure cylinder of the locomotive. 
This drum is of nickel steel, but is not in 
contact in any way with the fire. It is 
fed by water drawn as required from the 
low pressure boiler by means of a pump. 
The low pressure boiler occupies the same 
position as the barrel of the normal loco- 
motive boiler, and the water is evapo- 
rated by the gases passing through the 
boiler tubes. The barrel of this low pres- 
sure boiler is also of nickel steel, but 
both tube plates are of mild steel. An 
ordinary live steam injector is provided 
on the driver’s side, and an exhaust steam 
injector on the fireman’s side of the 
engine to feed the low pressure boiler. 
As steam is raised much more quickly in 
the high pressure drum than in the low 
pressure boiler, arrangements are made 
to bye-pass, by means of an intercepting 
valve, any excess steam from the high 
pressure drum into the low pressure 
boiler, thus avoiding waste through 
blowing-off. 

The method of working is more or 
less normal. The regulator handle works 
both the high pressure and the low pres- 
sure regulator simultaneously. On open- 
ing the regulator, steam is admitted into 
the high pressure cylinder after passing 
through the high pressure superheater 
situated in the lower boiler tubes. Ex- 
hausting from the high pressure cylinder, 
the steam enters a mixing chamber, 
where it is met by low pressure steam at 
250 Ib. pressure, which has previously 
passed through a low pressure super- 
heater situated in the upper boiler tubes. 
From the mixing chamber, steam enters 
the two outside cylinders. 

As both engines will be undergoing 
their principal trials and tests in actual 
service in 1930, it may be anticipated that 


w 


o 


there will be interesting material for con- 
sideration in due course, while the prac- 
tically simultaneous testing of two dist- 
inct applications of high steam pressure 
should add much to locomotive engineer- 
ing knowledge and experience. 


Apart from these engines, there are no 
very notable new designs to the credit of 
1929, but three new classes call for brief 
notice. On the London Midland and 
Scottish Railway, Sir Henry Fowler 
placed in service a new class of 0-8-0 
heavy goods and mineral engines. These 
were constructed at Crewe, and the de- 
sign is based to some extent upon the 
latest 0-8-0 engines of the late London & 
North Western Railway. They have, 
however, a later type of boiler, Wal- 
schaerts valve gear with long travel valves 
instead of Joy gear with short travel 
valves, and features associated with pre- 
sent London Midland & Scottish practice. 


Sir Henry Fowler has also introduced 
a small 0-6-0 short wheelbase tank engine 
for shunting in docks and yards where a 
bigger engine cannot be used because of 
curves and other restrictions. The dia- 
meter of the wheels is 3 ft. 44 in., and 
the total fixed wheel-base only 9 ft. 6 in. 
This short wheelbase, together with the 
provision of Cartazzi type trailing axle- 
boxes and ball-jointed coupling rods, will 
enable the engines to negotiate curves of 
as small as 2 1/2 chains (165 feet) radius. 
The engines are fitted with outside cylin- 
ders driving the middle pair of wheels, 
Walschaerts gearing being used for ac- 
tuating slide valves operating above the 
cylinders. It has been possible to embody 
a standard type of boiler working at 160 
Ib. per square inch, and all standard fitt- 
ings, such as Ross « pop » safety valves, 
water gauges, etc., have been used. Al- 
though the engines are of a small type, 
a high tractive effort, namely, 18 400 Ib., 
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has been provided in order to deal with 
the heavy work at the docks. 

Otherwise, there is nothing very special 
to record in regard to the London Mid- 
land & Scottish Railway, except that the 
standard classes have been added to ‘and 
are, to some extent, replacing pre-group- 
ing engines on various sections. There 
has also been a good deal of rebuilding 
and reboilering of older engines, in which 
connection the progressive system adopt- 
ed at Crewe, and a corresponding system 
since adopted at Derby and to be applied 
to other large repair depots, have enabled 
a systematic policy of rebuilding to be 
carried out on sound and efficient lines. 

On the London & North Eastern Rail- 
way there are no further new designs 
to be described, but additions have been 
made to standard classes, and two of the 
4-4-) three-cylinder express passenger 
locomotives (fig. 4), have been fitted 
with a rotary cam poppet valve gear sup- 
plied by the firm of Lentz Patents, Li- 
mited. The arrangement adopted is the 
« R. CG. » (rotary cam) poppet valve 
gear, and consists of a camshaft which 
obtains a rotary motion by means of 
suitable gears and shafting so arranged 
that the rotation of the camshaft can be 
synchronised with that of one of the 
coupled axles. The camshaft is placed 
horizontally above the cylinders, with its 
axis at right angles to the centre line of 
the locomotive. The steam inlet cams 
for each cylinder are made in two sepa- 
rate sections; those for forward-gear 
running provide for five different rates 
of admission, ranging from a minimum 
cut-off of 15 % to a maximum of 75 % 
in full gear, whilst for back-gear running 
a further set of cams is used which gives 
two rates of admission: one for full gear 
and the other giving a shorter rate of cut- 
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off at 35 %. In addition, there is provid- 
ed a cylindrical cam for each cylinder for 
the purpose of closing the steam valves 
when the engine is placed in mid-gear, 
in which position the exhaust valves are 
held open by a similar cam of larger dia- 
meter in the exhaust set. The arrange- 
ment of the exhaust cams is somewhat 
similar, but only three different profiles 
are provided. Separate exhaust cams 
enable the point of release to be adjusted 
to suit the cut-off, and in this instance 
release takes place at 90 % in full gear 
and 80 % for all other cut-offs. The 
arrangement of the valves is similar to 
that employed with the oscillating cam 
type of gear which utilises a link motion. 


Further, Mr. Gresley has reboilered 


one of Sir Vincent Raven’s 4-6-2 engines, 


built by the late North Eastern Railway 
immediately prior to grouping, with a 
Gresley type boiler, as shown in figure 5. 
This means altered boiler and certain 
other dimensions, and it will be interest- 
ing to note how the engine thus reboiler- 
ed compares, in actual service, with 
others which have not been so dealt with. 

On the Great Western Railway, Mr. C. 
B. Collett has not introduced any new 
designs, but has added to the useful 
« Hall » class of 4-6-0’s described last 
year, has rebuilt more of the earlier four- 
cylinder 46-0 express engines of the 
« Castle » class, and has placed in service 
further 0-6-2 and 0-6-0 tank engines, 
either built at Swindon or by outside. 
firms. 

On the Southern Railway, Mr. R. E. L. 
Maunsell has introduced, for the first 
time on that line, a 0-8-0 tank engine 
(fig. 6) for heavy shunting, particularly 
in hump yards. They have three cylin- 
ders, one driving the second axle and the 
others the third axle; ordinary Wal- 
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Fig. 6. — Three-cylinder 0-8-0 shunting tank locomotive, Southern Railway. 


Mr. R. E. L. Maunsell, C. B. E., Chief Mechanical Engineer. 


schaerts valve gear for the outside cylin- 
ders and a modified form of that gear 
for the inside cylinders; steam reversing 
and other features. Mr. Maunsell has 
also built a number of 2-6-0 engines 
(fig. 7) constituting a development of 
the earlier engines of this class, and 
these are proving very useful on widely- 
varied duties. They are, in fact, 
definitely allocated to passenger service, 
for which their 6-foot 
5 ft.-6 in.) coupled wheels render them 
distinctly suitable, and in practice they 
have to a certain extent taken the place 
of 4-4-0 engines, with the consequent 
ability to work heavier trains and, at the 
same time, attain the highest speeds 
called for by ordinary main line sche- 
dules. 
the « Lord Nelson » class have been plac- 
ed in service, and one of these has a 
slightly longer boiler and a few detail 
modifications. 

In Ireland, Mr. G. T. Glover has rebuilt 
a number of 4-4-0 and 0-6-0 engines 
used on the Great Northern Railway, 


(instead of . 


Further four-cylinder 4-6-0’s of: 


while Mr. W. H. Morton, who has suc- 
ceeded Mr. J. R. Bazin as Chief Mechani- 
cal Engineer of the Great Southern Rail- 
ways, has similarly dealt with various 
designs in use on that system. 


II. — Work. 


Although there were few notable deve- 
lopments in train schedules, there were 
some of an exceptional character._ The 
most sensational was the acceleration, by 
the Great Western Railway, of the 3.45 
p. m. up train from Swindon to cover the 
77.3 miles to Paddington in 70 minutes 
(75 minutes was made the schedule in 
1927), thus introducing for the first 
time an average booking speed of no less 
thans 66.3 m. p.h. On the London and 
North Eastern Railway, the acceleration 
of the 4.55 p. m. from Marylebone enabled 
Leicester to be reached in 108 minutes 
(103 miles). On the Southern Railway two- 
hour trains between London and Bour- 
nemouth were reinstated for the first 
time since the war in the form of « Bour- 
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nemouth Limited » expresses. Other 
items of interest are the working of a 
« Torquay Pullman » express by the 
Great Western Railway non-stop between 
Paddington and Newton Abbot (193.9 
miles), and the running of a night Lon- 
don Midland & Scottish sleeping car ex- 
press from Crewe to Carstairs (244.5 
miles). There were, of course, a num- 
ber of alterations of train schedules, ‘a 
degree of speeding up, the introduction 
of Pullman restaurant cars on various 
trains, and other developments indicat- 
ing progress and improvement, but not 
calling for detailed reference here. 
Practically all the notable developments 
of 1928 were, however, retained. includ- 
ing the London-Edinburgh (392.7 miles) 
and London-York (4188.2 miles) runs of 
the London and North Eastern Railway, 
the London-Carlisle (298.2 or 301 miles) 
and the Glasgow-Crewe (243.3 miles) 
runs of the London Midland & Scottish 
Railway; the Paddington-Plymouth 
(225.7 miles) and Paddington-Torquay 
(199.7 miles) runs of the Great Western 
Railway, with others not much under 
200 miles, and such of these as come 
within the experience of the writer may 
first receive attention. 

Both the London & North Eastern Lon- 
don-Edinburgh and London Midland. 
Scottish London-Carlisle runs are ope- 
rated more to provide uninterrupted runs 
for through passengers than to reduce 
journey times so that, although they cons- 
titute notable achievements, they do not 
involve high-speed running to such a 
degree as in the case of certain other 
trains. Both routes include steeply grad- 
ed sections, and at places reduced speed 
is entailed, so that the working of these 
trains calls for a high order of perfor- 


mance and constitute severe tests of relia-— 


bility, especially as the loads are by no 
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means light, while speeds could be mate- 
rially improved wpon were there need 
iherefor. 

On the London-Edinburgh run of the 
London and North Eastern Railway, No. 
2963, William Whitelaw, named after the 
Chairman of the Company, running with 
a corridor tender to enable enginemen 
to be relieved while travelling about half- 
way, had a load of about 380 tons. The 
generally rising and hard 12.7 miles to 
Potters Bar were covered easily in 21.5 
minutes, and the next 63.7 miles to Peter- 
borough (reduced speed) in 63.7 minutes 
(a curious equality of time and distance), 
Stoke summit being passed 30.1 minutes 
later (25.7 miles mainly rising). The 
55.9 miles to Doncaster took 62.2 minu- 
tes, and the 28 miles to York (reduced 
speed at Selby and through York) took 
40.9 minutes. The York-Newcastle stage 
was covered very easily in 104.6 minutes 
(80.6 miles), and after passing slowly 
through Newcastle the fairly difficult 
stage of 66.9 miles to Berwick took 87 
minutes. The remaining 57.5 miles to 
Edinburgh, including the climb to 
Grantshouse summit, were run in 75 mi- 
nutes, thus completing the run of 392.7 
miles, without stop, in 8 hours 5 minutes, 
exactly as booked. 

Whereas last year the « Royal Scot » 
non-stop run of the London Midland & 
Scottish Railway was described in the up 
direction and on the Sunday schedule, it 
can now be considered on a weekday 
basis, and in the down direction. This 
means that the non-stop run is of 301 
miles, as engines are changed at King- 
moor engine sheds about a mile beyond 
Carlisle station, instead of at che London 
and North Western engine sheds south of 
Carlisle as in the case of the up non- 


‘ stops. « Royal Scot» class three-cylinder 


4-6-0 No. 6139, Ajax, had the standard 
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load of nine bogie coaches for Glasgow 
and six for Edinburgh, a weight of about 
430 tons behind the tender. Matters 
were taken rather easily for a time, 
though Tring (31.7 miles mainly ascen- 
ding) was passed in 40.6 minutes. 
Thence downhill to Bletchley the 15 mi- 
les were run in 13.4 minutes, and the 
next 35.9 miles to Rugby (reduced speed) 
took 36 minutes. The comparatively 
straightforward 51 miles to Stafford oc- 
cupied 51.9 minutes, and Crewe (158.1 
miles) was passed in-170.2 minutes from 
London. Thence to Preston the 50.9 mi- 
les occupied 64 minutes, and _ the 
27.3 miles to Carnforth 29.3 minutes. 
The hard 19.9 miles thence to Grayrigg 
occupied 28.2 minutes. Then comes 
a short easy stretch of 6 miles (6.5 mi- 
nutes), of which full advantage was 
taken, as Tebay is almost the begin- 
ning of the great Shap incline, 4 miles 
at 1 in 75. The ascent was made very 
steadily, the summit being passed in 9.4 
minutes (5.5 miles). An easy run down, 
with steadying brake applications and a 
slow run through (Carlisle — station, 
brought us to Kingmoor sheds in 35.6 
minutes from Shap summit (33.3 miles). 
The complete run from London had thus 
been made, very steadily and without 
undue effort, in 343.14 minutes (304 
miles) . 

A similar engine, No. 6132, Phoeniz, 
took on the train, passing Beattock in 
44.4 minutes (39.7 miles), climbing 
unaided the 10 miles, mainly at 4 in 75, 
to the summit in 23 minutes, and com- 
pleting the non-stop run from Kingmoor 
(Carlisle) to Symington, 64.9 miles, in 
86 minutes. Here the train was divided 
and No. 6132 took on the Glasgow por- 
tion to Glasgow in 48 minutes (35.4 
miles), though this part of the route is 
not suited to real high speed work. 
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On the Great Western Railway « Cor- 
nish Riviera » express, with a train of 
the new stock placed in service last sum- 
mer on this run, the writer had his first 
experience of a late arrival, but, as will 
be seen, this was more than accounted 
for by the unusual delays experienced 
near Exeter, too late in the journey to 
permit of recovery. The load was the 
full one for summer working of 11 
coaches (328 tons empty or 360 tons load- 
ed), with an additional 71 tons (74 tons 
loaded) as far as Westbury (95.6 miles), 
where two vehicles were slipped. With 
464 tons, four-cylinder 4-6-0 (250-lb. 
pressure), No. 6004 King Georges III, 
passed Reading in 35.4 minutes (36 
miles) and covered the next 34.1 miles 
to Savernake (mainly rising grades) in 
36.5 minutes. Thence to Westbury the 
24.5 miles occupied 23.5 minutes, so that 
the first 95.6 miles bad heen run in ba- 
rely the 94 minutes allowed, and that 
with the full load. The next 47.3 miles 
to Taunton occupied 49.35 minutes, with 
one check, and the 30.8 miles to a very 
bad check outside Exeter, by which a 
stop was only just avoided, took 31.4 mi- 
nutes, notwithstanding that this section 
includes the stiff climb up to Whiteball 
tunnel. However, Exeter (St. Davids) 
was passed in 176.6 minutes from Lon- 
don (173.7 miles). The 20.2 miles to 
Newton Abbot took 23.7 minutes (curves 
necessitate medium speed on parts of this 
section), and then the very hard 31.8 


miles to Plymouth, ‘with their grades of ~ 


1 in 42, 47, 52, ete., were completed in 
exactly the 45 minutes allowed. This 
meant that almost 5 minutes were lost on 
scheduled time, but with delays that fully 
compensated therefor. 
These are the three chief British jour- 
neys of extreme non-stop length (with 
their up equivalents), but a few notes 
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must now be given of shorter runs ofa 
notable character. On the 66.3 m. p. h. 
Swindon-Paddington run, No. 4074, 
Caldicot Castle, with a load of 250 tons, 
was delayed approaching Didcot, so that 
the 24.2 miles took 24.3 minutes. 
Thence to Reading the 17.1 miles were 
run in only 14.9 minutes, and the follow- 
ing 17.5 miles to Slough in 16.1 minutes. 
Here, however, there was another check, 
so that the final 18.5 miles. ‘with an easy 
run into the terminus, took 18.6 minutes, 
and the complete run of 77.3 miles had 
thus taken 74.2 minutes instead of the 
70 minutes allowed. The two severe 
checks, both in the middle of high speed 
stages, must however, be regarded as af- 
fording sufficient justification for this 
loss of time, especially as when the inau- 
gural run was made it took 68 minutes, a 
time which has been reached also on 
other occasions, with many further punc- 
tual runs with the same and similar en- 
gines. . 

The principal Southern Railway no- 
velty this year was the re-introduction of 
a 120-minute booking between London 
and Bournemouth. On a very stormy 
evening, No. 789, Sir Guy (« King Ar- 
thur » class 4-6-0), with 330 tons, passed 
Woking (245 miles), (permanent way 
slack intermediately) in 30.2 minutes, 
took 23.2 minutes for the next 23.5 miles 
to Basingstoke, passed Winchester 
(66.7 miles) in 70.9 minutes from Lon- 
don, including 10 miles of fairly hard 
climbing, and was through Southampton 
West (slacks for curves) in 85 minutes 
(79.5 miles). Thence to Christchurch 
the 25 miles took 28.9 minutes, but 
relaying slacks onwards to Bournemouth 
rendered the completion of the 108 mi- 
les run from London being delayed, so 
that 122 minutes were taken against the 
120 allowed, a highly creditable perfor- 
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mance, especially in view of the high 
wind and stormy conditions prevailing. 

A few other runs may be briefly sum- 
marised. On the London North Eastern 
Railway, No. 2568, Sceptre, with 380 
tons, passed Berwick (57.5 miles) in 
66.6 minutes from Edinburgh and cover- 
ed the 66.9 miles thence to Neweastle in 
77.6 minutes. On another turn, No. 
4472, Flying Scotsman, with 370 tons, 
covered the 80.6 miles from Newcastle 
to York in 97 minutes, with incidental 
delays. On still another occasion, No. 
2747, Coronach, with 410 tons, ran from 
Doncaster to Grantham (50.5 miles) in 
58 minutes, start to stop. The 29.1 mi- 
les thence to Peterborough occupied 31.6 
minutes. No. 2846, Donovan, completed 
the journey to London in 83.6 minutes 
(76.4 miles). 

With 280 tons, No. 6045, King Ri- 
chard HI, on the Great Western Railway, 
ran from Taunton to London, 142.9 miles 
in 149.7 minutes. An older 4-6-0 en- 
gine, with 370 tons, passed Didcot (53.1 
miles) in 55.6 minutes, and after slip- 
ping 3 vehicles passed Bath at reduced 
speed (53.8 miles) 55 minutes later. 
Two further vehicles were then slipped 
and Bristol was reached in 124 minutes 
(118.3 miles). A return journey was 
complicated hy two intermedjate stops, 
not normally allowed for. Nevertheless, 
the 100 miles from Badminton to London 
were run’ in 97.6 minutes, including a 
stop at Reading instead of slipping, and 
with slight delays otherwise. The en- 
gine was No. 4026, British Monarch, and 
the load about 350) tons. 

On the Southern Railway, 4-6-0 No. 
780, Sir Persant, made the run of 79.5 
miles from Southampton West to London 
in 96.2 minutes, with two checks, and 
on a fairly easy schedule. Ona West of 
England express, No. 779, Sir Colgre- 
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vance, with 300 tons, passed Basingstoke 
(47.9 miles) in 569 minutes, and took 
33.5 minutes for the 35.9 miles to a 
stop outside Salisbury. An older 4-6-0, 
No. 746, took the train on from Salisbu- 
ry, and passed Templecombe (28.8 miles) 
in 33 minutes, ran thence to Axminster 
(324 miles) in 32.6 minutes, climbed 
at a good steady speed to Honiton tunnel 
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(practically 10 miles at about 1 in 70), 
and reached Exeter (Queen Street) in 
96.5 minutes from Salisbury (88 mi- 
les). On a return working, No. 827, a 
4-6-0) mixed-traffic engine, with 360 tons, 
ran from Exeter to Yeovil Junction 
(48.7 miles) in 62 minutes, although the 
route is a hard one. 


LEADING DIMENSIONS OF LOCOMOTIVES ILLUSTRATED AND DESCRIBED. 


A = Water-tube boiler of special type. — B = Double pressure boiler of special type. — T = Tank engine. — R = Rebuilt. 


: ; rst 
3 (inches). = 2 Tubes. | Fire box.| Super | 3 & i “é as 
_—_ 
4 | London & North Eastern. .] 4-6-4 } 4 i) < 26 | 6ft. Sin. 103 3/4 
2 | London Midland & Scottish.| 4-6-0 } ae x 26 | 6ft. Gin. { 95 1/4 
3 SRE te a 0-8-0 49X26 =| 4 ft. 84 in. |4 434 60 3/4 
ay ee “8 0-6-0T| 147% 22 | 3ft.44in. 43 3/4 
4 | London & North Eastern. .] 4-4-0 17 X 26 (3) | 6ft.8in. 
5 — Se ts 46-2R] 19 X 26 (8) | 6ft. Sin. 
6:|Southiern. > Te. 0-8-0T} 16 X 22 (8) | 4ft. Sin. 71: 4/2 
= Be nchlier Deep eee re 2-6-0 19 X 28 6 feet. 62 4/4 
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SUPPLEMENT TO REPORT No 4 (’) 


(America) 


ON THE QUESTION OF LOCOMOTIVES OF NEW TYPES. 


IN PARTICULAR 


TURBINE LOCOMOTIVES AND INTERNAL COMBUSTION MOTOR LOCO- 
MOTIVES (SUBJECT V FOR DISCUSSION AT THE ELEVENTH SESSION OF 
THE INTERNATIONAL RAILWAY CONGRESS ASSOCIATION) (?). 

By A. LIPETZ, 


Consulting Engineer, American Locomotive Company, Schenectady, N. Y., Non-Resident Professor, 
Perdue University, Lafayette, Indiana. 


Figs. 22 to 28, pp. 1687 to 1698. 


Il. — Turbine loc»motives. 


There is only one turbine-driven loco- 
motive in the Western Hemisphere — a 
narrow-gauge locomotive of the « Ljung- 
strom » system on the State Railways of 
Argentine for mixed passenger and 
freight service. The locomotive was built 
by Nydquist & Holm A. B., of Trollhat- 
tan, Sweden, and delivered in Argentine 
at the end of 1925. Since February 1926, 
the locomotive has been in service on the 
Argentine State Railways. 

A detailed questionnaire containing 
93 questions was sent in February 1929 
to the Administration of the Railroad in 
Buenos Ayres, but only a printed de- 
scription of the locomotive without any 
operating data was received in reply to 
the inquiry. Further correspondence re- 
vealed that operating statistics of the tur- 
bine locomotive were lacking, that the 
locomotive was in the repair shops await- 
ing spare parts from Sweden and that it 
was not expected that any information 
about the performance of the locomotive 


would become available during the year 
of 1929. 

The Chief Mechanical Engineer stated, 
though, that the most interesting thing 
that had been already found out from 
tests made with the turbine locomotive 
is that condensation of steam can be suc- 
cessfully obtained by the action of ani air- 
cooled condenser on a locomotive (and 
that, further, in view of the scarcity of 
water and its quality on various parts of 
the Argentine road, the economy in water 
and other advantages which condensation 
offers for the preservation of the locomo- 
tive boiler is what interests the railroad 
most, more than the economy in fuel. 
It was also added that as there was only 
one locomotive of this type on the road, it 
had been very difficult to establish for it 
a service that would effectively demon- 
strate the advantages of this type, as the 
case would have been if the railroad had 
a number of locomotives for a complete 
service. 

It is not thought necessary to give here 


Brie Oe ie Boe ee ee ee 
(1) See Bulletin of the Railway Congress, March 1930 number, p. 863. 


(2) This question runs as follows : « Locomotives of new types; in particular, turbine 
locomotives and internal combustion motor locomotives. Construction, efficiency, use and 


repair, > 
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a description of the locomotive, which 
was very elaborately described in the 
technical press (‘). The most complete 
description can be found in a pamphlet 
published by the State Railways of Ar- 
gentine, Mechanical Department, entit- 
led : « Informe Definitivo Sobre Ensayos 
de Una Locomotora Especial a Turbina y 
Condensador Sistema Ljungstrém », Bue- 
nos Ayres, 1928. The pamphlet also con- 
tains a number of illustrations, diagrams, 
dynamometer charts, test results, inspec- 
tion data, and other interesting informa- 
tion. 

Like all Ljungstrém turbine-locomoti- 
ves, the Argentine locomotive consists of 
two units: the first carries the boiler and 
the principal auxiliaries, and has a four- 
wheel truck in front and six supporting 
wheels in the rear part of the frame; the 
second unit carries the main turbine and 
the condenser, and has eight driving 
wheels and a two-wheel truck in the 


Road gauge . 

Total length . 

Total wheelbase  . 

Rigid wheelbase 

Steam pressure . 

Firebox heating surface 

Number of tubes . 

Length of tubes. : 

Outside diameter of tubes . 
Heating surface of tubes . 

Total heating ‘surface . 
Superheater surface . 

Air preheater surface 

Condenser cooling surface . 
Diameter of drivers . 
Tractive effort . 

Weight on drivers ere ee 
Weight of locomotive in working order, 


a a a a . Z és = : _ 


rear. The boiler is of the conventional 
design, has a radial stay firebox, short 
fire tubes, is equipped for oil firing, has 
a superheater in the small fire tubes and 
a rotary air preheater of the Ljungstrém 
type which is placed in front of the 
smokebox. The main turbine has a rat- 
ing of 1750 H. P. at 10.000 r. p. m. and 
is connected with the first pair of driv- 
ing wheels through a triple reduction 
gear and a flexible coupling. Other 
wheels are driven from the first pair by 
means of coupling rods. The principal 
part is the condenser; it is of the known 
air-cooled Ljungstrém type, consisting of 
a multitude of flattened tubes between 
which air is drawn by four powerful 
fans. The exhaust steam from the main 
turbine and some auxiliaries is condens- 
ed in the tubes and the condensate is 
used for feeding the boiler. The princi- 
pal dimensions of the locomotive are as 
follows : 


1.00 m. (3 ft. 3 3/8 in.). 
21.33 m. (69 ft. 11 3/4 in.). 
16.68 m. (54 ft. 8-5/8 in.). 
4.80 m. (15 ft. 9 in.). 
20 kgr./em2 (284.5 Tb. per sq. inch). 
12.00 m2 (129.17 sq. fit.). 
268. 
2.30 m. (7 ft. 6-5/8 in.). 
50.8 mm. (2 in.). 
88.3 m2 (950.45 sq. ft.). 
100.3 m2 (1 079.65. sq. ft.). 
57.0 m2 (613.54 sq. ft.). 
800 m2 (8611 sq. ft.). 
1'200 m2 (12917 sq. ft.). 
1.53 m. (5 fit. 1/4 in.). 
15 000 ker, (33 060 Ib.). 
52200 kgr. (115 000 Ib.). 
122 500 kgr. (270,000 Ub.). . 


( 
( 


(1) See, for instance, The Hngineer, 12 April 1929, p. 398. 


1685 


V—225 


Between 23 March and 25 November 
1926, four official locomotive runs were 
made with a dynamometer car from Tu- 
cuman, Las Cejas, Pacara and Santa Fe, 
each run over a distance of approximately 

Trip. 

Distance, km. (miles) 

Total work at drawbar, H. P.-hours . 
Running time, hours iene 
Average output at drawbar, H. P. 
Consumption of water, litres (Br. gallons). 


Comsumption of oil, litres (Br. gallons). 


Water per drawbar H. P.-hour, litres (Br, gal- 


lons). 


litres (Br. 


c 


Oil per drawbar H. 
lons). 


P.-hour, 


While the consumption of water is ex- 
tremely low, amounting to only a particle 
of what it would be in an ordinary loco- 
motive, the fuel consumption is rather 
high. Assuming a specific gravity of 0.88 
for boiler fuel, the weight of the average 
oil consumption (1.68 litres) corresponds 
to 1.48 ker. of oil per one metric drawbar 
horse power-hour (or 3.30 lb. of oil per 
ene Br. drawbar horse power-hour). 
The high oil consumption can be explain- 
ed probably by the low load factor which 
resulted in an average output of only 
258 H. P., while the locomotive is capable 
of developing at least 1500 H. P. at the 
drawbar. 

Data of dynamometer. tests with ordin- 
ary locomotives on the same districts, 
with which the above figures could he 
compared, are not given in the pamphiet, 
nor were they communicated to the re- 
porter. Neither are there any statistical 
data available on fuel consumption. There 
is, however, one intimation in the pam- 
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gal- 


735 to 793 km. (456 to 492 miles). The 
above cited pamphlet issued by the Ar- 
gentine State Railways gives results of 
the official tests (1) which are as fol- 
lows : 


i 2 3 4 Average. 
793 735 776 777 
(492) (456) (482) (483) 
4 953 4 108 7 545 6 353 
23.30 2125 22.30 Nae 192 
213 193 300 286 258 
6 100 7 900 8 700 11 500 
(1348) (17389) (1915) (2581) 
7 700 8 750 10 800 11 400 
(1695) (1926) (23877) (2509) 
1.23 1.93 1.17 1.81 1.49 
(0.27) (0.42) (0.26) (0.40) (0.33) 
56 2s 1.43 1.79 1.68 
(0.84) (0.47) (0.31) (0.39) (0.37) 


phlet as to the possible economy in fuel 
of the turbine locomotive : in a chapter 
entitled « Economic Study » it is assumed 
for the calculations of savings due to the 
use of turbine locomotives that the fuel 
consumption per 1000 metric ton-kilo- 
metres is 10 kgr. of oil for the turbine 
locomotive and 17 ker. of oil for the 
ordinary piston type locomotive (?); this 
corresponds to a saving of 41 %. It is 
not indicated whether these figures have 
been obtained from actual service, or 
whether they are given as an illustration 
for calculation. 

On page 72 of the above mentioned 
pamphlet is given a list of major repairs 
during the year 1926. It appears from 
the list that during a period of 363 days 
(from 18 February 1926 to 14 February 
1927), the turbine locomotive had been 
sent to the shops 8 times for repairs 


(1) Pp. 73-75 of the pamphlet. 
(2) Pen iG. : . 
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lasting from 5 to 50 days and amounting 
to a total of 153 days.. Thus the locorno- 
live was out of service 33 % of the total 
time of that period. 

As stated at the beginning, the locomo- 
tive did practically no work in 1929. No 
information reached the reporter as to 
the condition of the locomotive in 1927 
and 1928. 


CONCLUSION. 


In view of the inadequacy of informa- 
tion on the performance of the turbine 
driven-locomotive of the Argentine State 
Railways, which is the only turbine loco- 
motive in the two Americas, it is impos- 
sible to draw any conclusion regarding 
the usefulness of locomotives of this type. 


Ill. — Locomotives with water-tube 
fireboxes. 


At the end of 1929 there were only ten 
locomotives with water-tube fireboxes in 
the United States and, as far the reporter 
could ascertain, no fireboxes of this type 
were in use on locomotives in any other 
country of North or South America. The 
boilers of all the ten locomotives had the 
conventional fire-tube cylindrical shell, 


the water-tube part taking the place of. 


the Stephensonian radial stay firebox. 
Two locomotives were on the New York- 
New Haven Railroad, one at the Baldwin 
Locomotive Works, five on the Baltimore 
& Ohio Railroad, and two-on the Dela- 
ware & Hudson. 

The first three groups have fireboxes 
very similar to the well-known Brotan 
type, differing in each case, however, in 
very essential details. The closest to the 
Brotan firebox is that on the experimen- 
tal locomotive No. 60.000 of the Baldwin 
Locomotive Works. The New York, New 
Haven locomotives have the McClellon 
boiler, while the Baltimore & Ohio en- 


gines are equipped with fireboxes design- 
ed by George H. Emerson, Chief of Mo- 
tive Power and Equipment of the road. 
The boilers of the Delaware and Hudson 
locomotive were designed by John E. 
Muhlfeld, Consulting Engineer in New 
York. 

The boiler of the Baldwin experimental 
locomotive No. 60000 is shown on fig- 
ure 22. It carries a pressure of 330 Ib. 
per square inch. The firebox consists of 
a hollow cast-steel mud ring, two drums 
and 4-inch tubes forming two side walls 
and connecting the mud ring with the 
drums. There are no tubes in the back 
head. The combustion chamber is not 
built into the fire-tube boiler, but is a 
part of the firebox, separated from the 
firebox proper by a brick arch. This is 
supported by five arch tubes which are 
led from the upper drums to a transverse 
member of the mud ring. The two drums 
are directly attached to the back tube 
sheet of the fire-tube boiler. 

The locomotive has three equal cylin- 
ders 27 < 30 inches of which the middle 
is the high-pressure cylinder, and the 
two outside are low-pressure cylinders, 
The ratio of volumes is 4 : 2. Each eylin- 
cer has its own independent valve mo- 
tion. 

The rated tractive force is 82500 lb. 
The weight of the locomotive is 457500 
Ib. and the weight on the drivers is 
338 400 Ib. The factor of adhesion is 
thus 4.1. 

The locomotive underwent very ex-— 
haustive tests on the Altoona, Pa., testing 
plant. The consumption of steam per 
indicated horsepower showed a remark- 
able steadiness. It varied from 142 to 
16.6 lb. per hour, which corresponds to 
an engine thermal efficiency of from 11.5 
to 13.5%. This is undoubtedly the re- 
sult of combining hich pressure with 
compounding and high superheat. The 


Fig. 22. — Baldwin Brotan boiler of experimental locomotive No. 60.000. 


boiler efficiency varied from 71 % at a 
rate of firing of 47.6 lb. per square foot 
of grafe area per hour to 51 % at a rate 
of 143 Ib. per square foot. The effect of 
the feed water heater is not included in 
the above figures of boiler efficiency. 
The mechanical efficiency of the locomo- 
tive varied from 65.9 to 89.9 %, and the 
total overall efficiency of the locomotive 
from coal to drawbar pull on the test 
plant, feed water heater included, fluc- 
tuated between 5.6 to 78 %. 

During the tests, a maximum tractive 
force of 74764 Ib. was obtained at a 
speed of 15.2 m. p. h. with a 90 % cutoff 
in the high-pressure cylinder. The ac- 
tual factor of adhesion was thus 4.5. 
This tractive force, if referred to the two 
low-pressure cylinders only, corresponds 


to a mean indicated pressure of 58 % of 
the boiler pressure. 

The maximum power of 4515.1. H. P. 
was developed at a speed of 37.6 m. p. h. 
with an 80 % cutoff in the high-pressure 
cylinder and 50 % in each of the two 
low-pressure cylinders. As the weight of 


ere ow 


‘the locomotive is 457 500 lb., the weight 


per horsepower (actual) is 1015 Ib. (*). 

The McClellon firebox on the New 
York-New Haven is built for a pressure 
of 265 Ib. per square inch. It differs 


(1) Baldwin Locomotives, April 1927, pp. 42- 
59. 

Railway Mechanical Engineer, January 1927, 
pp. 8-11. 

Locomotive No. 60000, The Baldwin Loco- 
motive Works, Philadelphia, 1926. 
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from the Brotan firebox in that it has 


three top drums riveted together and 
connected with the tube sheet-of the fire- 
tube part. It further has a combustion 
chamber formed by the lower surfaces of 
the three drums and a series of tubes 
which merge into the extended rear 
course of the barrel, near the bottom, In 
order to connect these tubes with the 
mud ring and with the tubular part of 
the boiler, a trough is provided which 
extends underneath the shell of the boil- 


er. The firebox is braced in such a way 
as to form a rigid girder-box enclosing 
the drums and mud ring, and thus re-_ 
lieve the tubes of stresses from unba- — 
lanced inside pressures ('). 

In designing a water-tube firebox the 
Baltimore & Ohio Railroad had in view 
to develop a boiler which could be wash- 
ed, and in which each water-tube could 


(1) Railway Mechanical Engineer, March 
1926, pp. 143-150. 
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be turbined (?) without the necessity for 
the workman to get inside the boiler. 
Several designs have been worked out, of 


which the latest is shown on figure 23. . 


The firebox consists of a single longitu- 
dinal drum, 40 inches in diameter, two 
top longitudinal square headers, two bot- 
tom longitudinal headers, eighteen 4-inch 
circulating tubes connecting the drum 


(2) Cleaned inside by a scale cutting tool 
on a flexible shaft. 


ELINER WELDED 
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with the two top headers (nine on each 
side) and two rows of 2-1/2 inch water- 
tubes between the top and bottom head- 
ers, these tubes forming the sides of the. 
firebox. The top and bottom headers» 
are provided with openings opposite each 
water-tube for rolling in and cleaning 
the tubes. The openings are closed by 
plugs. The firebox is completed by a 
front and back head made of parallel 
flanged boiler plates riveted together and 
held by staybolts. 
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Rig. 24. — Emerson boiler for Baltimore aud Ohio locomotive No. 4(45. 
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In this type of firebox all crown sheet 
stays, radial stays and water space stays 
are eliminated; there are less than three 
hundred stays in the front and back head. 

The Baltimore & Ohio Railroad origin- 
ally built boilers with two longitudinal 
drums of 28-inch inside diameter. Fig- 
ure 24 shows one of these boilers instal- 
led in a 2-8-2 locomotive, No. 4045, 
Class Q-1x, while figure 25 is a photo- 
graph of the locomotive itself. After 
building several of the double drum 
boilers it developed that it is very diffi- 
cult to maintain the insulation between the 
two drums, principaily due to vibration. 
In order to overcome this, the railroad 
built the one-drum boiler described 
above. It has been watching the perfor- 
mance of these boilers very closely and it 
is the railroad’s opinion that the one- 
drum design as shown on figure 23 is the 
one which it will finally adopt. It is the 
present intention (July 1929) to build 
more of these boilers and put them in 
service, as complete fireboxes are needed 
on existing locomotive boilers. 

The dates of building and placing in 
service the five water-tube boilers are as 
follows : 


Class. Number. Type. Date. 

E-27x 2504 2-8-0 30 April 1927. 
Q-1x 4045 2-8-2. 9 September 1927. 
E-27y 2700 2-2-0 15 March 1928. 
P-9 5320 4-6-2 16 May 1928. 
E-272 2511 2-8-0 26 January 1929. 


The first locomotive, after preliminary 
tests had been made, was placed in regu- 
lar service in July 1927, on a very bad 
water district, on the Wheeling Division 
between Benwood and Fairmont, operat- 
ing about 200 miles a day, and up to the 
present time (July 1929) has not given 
any undue trouble. It has been all the 
time in ordinary pool service, the same 
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as all other locomotives. The boiler is 
washed and turbined (1) every thirty 
days, while the staybolt boilers in the 
same territory are washed every fifteen 
days. 

In order to wash out the firebox, the 
plugs in the square headers are taken 
out and the tubes are cleaned and tur- 
bined. The time required for turbining 
and washing the water-tube boilers is no 
longer than that consumed in washing 
a conventional boiler with a staybolt fire- 
box. The railroad states that when the 
water-tubes and headers are washed and 
turbined they are as clean as when the 
boiler left the builders’ shops. 

After locomotive No. 4045 was built, 
very careful dynamometer tests were run 
on the East End of the Cumberland Di- 
vision of the Baltimore & Ohio Railroad 
between Keyser and Brunswick. Below, 
in table IX, are given three records of 
general results obtained at the tests, each 
record being an average of five round 
trips, in comparison with a record of 
dynamometer test of superheated locomo- 
tive No. 4299, which is of the same type 
and the same general construction as lo- 
comotive No. 4045 but has a conventional 
staybolt boiler, and 88 % maximum cut- 
off, Walschaerts valve gear. 

Operation data regarding fuel consump- 
tion, cost of maintenance, are not avail- 
able for the reason that the Railroad has 
not kept these items for locomotives with 
water-tube fireboxes separately from lo- 
comotives of ordinary type. 

The principal dimensions of the two 
locomotives are given in table X. 

The Delaware & Hudson placed in ser- 
vice two high-pressure locomotives built 
by the American Locomotive Company, 
viz. in 1924 the Horatio Allen with 350-lb. 


(1) See last foot note. — 
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pressure, and in 1927 the John B. Jervis 
with a pressure of 400 lb. per square inch. 
These two locomotives are of the 2-8-0 
type (1). They were designed by J. E. 
Muhlfeld, consulting engineer for the 
Delaware & Hudson, and in all essentials 
the two locomotives are alike, differing 
slightly in the size of the firebox, in the 
pressure and in such dimensions as were 
caused by these changes. 

The Muhlfeld boiler, shown on fig- 
ure 26, consists of two headers, each 
composed of two parallel flanged sheets 
riveted together. The headers are con- 
nected by four drums which project 
through the headers and are riveted to 
their flanges. The two upper drums have 
forward extensions riveted to a stayed 
saddle secured to the tubular boiler shell; 
the latter is riveted to the front flange 
of the first header. In order to provide 
for communication between the four 
drums and the headers, and between the 
top drums and the saddle each drum 
has circumferential ports between the 
two sheets of the header or saddle. The 
side walls are composed of 2-inch and 
2-1/2 inch tubes (in the John B. Jervis of 
only 2-1/2-inch tubes) placed between 
the drums in several rows similar to a 
marine type construction; in the Horatio 
Allen in six staggered rows, and five in 
the John B. Jervis. The two engines are 
of the two-cylinder cross-compound type. 
Their cvlinders are : in the Horatio Allen 
23-1/2 inches and 41-inches by 30-inches. 
stroke; and in the John B. Jervis 20-1/4 
inches and 38-1/2 inches by 30-inches. 
This variation is due to the difference in 


(1) Raiheay Mechanical Engineer, February 
1925, pp. 78-86, and April 1927, pp. 207-211. 
(Hditorial Note : See Bulletin of the Rail- 
way Congress, February 1926, :p. 130, oe 
1927, p. 552.) 
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TABLE X. 


Engine number. 
| Class 

Type 
Cylinder diameter and stroke 
Diameter of drivers, inches . 
Boiler pressure, lb. per sq. in. 
Diameter of boiler, inches 
Tubes, number and diameter 
Flues, number and diameter . 
Length of tubes, feet . 
Water tubes, number 
Water tubes, outside diameter . 
Water tubes, average length . 
Heating surface, firebox, sq. ft. 
Heating surface, tubes and flues, sq. ft. 
Heating surface, total, sq. ft. 
Heating surface, superheating, sq. ft. 
Grate area, sq. ft. 
Tractive effort, lb. 
Factor of adhesion 
Weight in working order, lb. 


Weight on drivers, lb. 


4 045 4 299 
Q-lx Q-le 
2-8-2 2-8-2 
26.42" x 32 26" x.32" 
64 64 
250 190 
78 78 
205 — 2-1/4” 218 — 2-1/4" 
40 — 5-1/2” 34 — 5-1/2” 
16 24 
138 = 
242" — 
5-7" == 
603 228 
2 854 3 740 
3 457 3 968 
842 833 
713.5 70.0 
65 400 (1) 54 600 (2) 
3.84 4 00 
334 000 276 000 
249 000 249 000 


8 ee 


1) Based on 60 °/, cutoff. — (2) Based on $8 °/, cutoff, 


pressures. The rated tractive force in 
both cases is a little over 70.000 Ib, for 
compound work. At starting, when the 
engine can work simple, the tractive force 
is 85000 lb. in addition to 18 000 Ib. de- 
veloped by the auxiliary locomotive on 
the tender. In actual service the Horatio 
Allen developed a tractive force of 75 000 
Ib., in compound, at five miles an hour, 
which corresponds to a combined mean 


indicated pressure referred to the low 
pressure cylinder of 48.5 % of boiler 
pressure. The actual factor of adhesion 
is 3.93; the estimated is 4.18, the weight 
on drivers being 295 000 Ib. 

Special tests made with the Horatio 
Allen on the Delaware & Hudson showed 
that the locomotive is very economical. 
An average of five runs made with a dy- 
namometer car between Oneonta, N. Y., 
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and Dante, over a distance of 28.76 miles 
with predominating grades of 0.5 %, re- 
sulted in figures (') shown in the table. 


Results of dynamometer car tests of the 
« Horatio Allen >». 
Gross tons . Sas 
Average speedPimy pa. 9. hs) a 42) 
Rate of firing, lb. per sq. ft. per hour. 
Equivalent evaporation 
Boiler efficiency, per cent . 


Average cut-off (high pressure), per 
cent ere marr ont Be Gis 
AVG Pe EER) 0, ee ak sel: 
Dry coal per I. H. P.-hour, Ib, (auxi- 
Naries included). . . .f ©) GE°e 8297 
Same per drawbar H. P.-hour. . . . 2.312 
Overal thermal efficiency of locomotive, 
per cent . 8.02 
Note. — The locomotive has no feed water 


heater. 


No figures on the John B. Jervis have 
been communicated so far, but according 
to the railroad, the indications are that 
this locomotive is even more economical 
than the Horatio Allen. 

The two locomotives are used in freight 
service on the Susquehanna Division of 
the Delaware & Hudson Railroad, be- 
tween Oneonta and Mechanieville, with 
grades up to 14 %. The fuel is either 
bituminous coal, or a mixture of coal 
and anthracite. The analysis of the two 
kinds of coal is as follows : 


Bi uminous 
coal, Anthracite. 
Moisture, per cent. 1.00 1.00 
Volatile, per cent 36.00 5.50 
Fixed carbon, per cent . 54.00 78.00 
Ash, per cent . 9.00 15.50 
Sulphur, per cent . 2.00. Lite 
Heat content, B. T. U. 14.000 12 500 


Water on the division is of fairly good 
quality : it contains mostly carbonates of 


(1) These data became available through 
the courtesy of G. S. Edmonds, Superintendent 
of Motive Power, Delaware & Hudson. 
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lime (up to 3.347 grains per U. S. gallon 
of 231 cubic inches), sodium and potas- 
sium sulphates (up to 1.823 grains per 
U. S. gallon), sodium and potassium 
chlorides (up to 1.02 grains), silicon (up 
to 1.694 grains) and other less important 
ingredients. The amount of total mineral 
solids is between 5.256 and 8.293 grains 
per U. S. gallon, and of organic matter 
between 0.350 and 0.584 grain per U. S. 
gallon. The total of incrusting solids is 
only 2.460 to 5.785 grains per U.S. gallon 
of 251 cubic inches. 

Some information from a discussion 
on high pressure locomotives, presented 
by Mr. George S. Edmonds, Superinten- 
dent of Motive Power of the Railroad, 
before the 1928 Annual Meeting of the 
American Society of Mechanical Engin- 
eers, will be of interest. Up to the date 
of the discussion (5 December 1928), the 
Horatio Allen (locomotive No. 1400) and 
John B. Jervis (No. 1401) had a mileage 
of 95000 and 40000 respectively. Ne- 
vertheless, it had not been necessary to 
renew a broken staybolt in any of the 
stayed flat surfaces of the front and back 
headers. Several bolts had to be changed 
to correct alignment. Locomotive No. 1400 
had been then in service 4-1/2 -years; 
No. 1401, a year and ten months. 

No work had to be done in the upper 
drum connections with the water-tubes. 
In the lower drums, some work was ne- 
cessary on the inner row of tubes. At the 
time of shopping of the Horatio Allen in 
November 1927, after a mileage of 74 000, 
a full inner row on each side was applied. 

Caulking of seams was negligible on 
engine No. 1401, which had flexible stay- 
bolts in the front sheet of the front head- 
er (throat sheet). Some caulking was 
necessary on the Horatio Allen, which 
had no flexible staybolts. Occasionally a’ 
drum rivet required attention. 
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No cracks had been noticed in engine 
No. 1401. In engine No. 1400 two cracks 
in the back header on the firebox side, 
a little over one inch long, and nine in 
the front header, about one-half inch 
long, also on the firebox side, had been 
found. The cracks had started from 
staybolt holes. They were welded and 
new bolts applied. 

The boilers generate steam ver y freely, 
giving no difficulty in maintaining full 
hoiler pressure, even when boosters are 
applied on ruling grades. The superheat 
is rather low — on the Horatio Allen a 
maximum temperature of 600° F. has 
been realized, but in average operation 
000°-575° F. represents more nearly ac- 
tual temperatures. The engine is defi- 
cient in this respect, and in subsequent 
designs provisions have been made to 
obtain higher temperatures. 

The amount of scale which accumulates 
in thirty days is very small. This is prob- 
ably due to the rapid circulation in the 
water tubes and to the comparative soft- 
ness of the water. While it is true that 
it takes somewhat longer to wash these 
boilers than those of the ordinary type, 
developments are now in progress which, 
it is expected, will lead to making the 
difference very small. 

No trouble with cylinder and piston 
rod packing had been experienced. On 
_engine No. 1401 cylinder packing was 
renewed afier 38900 miles, and the pis- 
ton rod packing was still satisfactory 
after thirteen months of service. 

There were very few engine failures on 
the road chargeable to the boilers. The 
first shopping of the « Horatio Allen » 
was after 74000 miles and 3-1/2 years of 
service. The « John B. Jervis » was sche- 
duled for shopping after 65 000 to 70 000 
miles, and two years of service. 

The mileage of the engines was not 
high — 95.000 miles on No. 1400 in four 


years and six months, and 40000 miles 
on No. 1401 in one year and ten months. 
This was due to several causes : 


{. The engines had to be out of service 
a great deal for experimental changes; 

2. In view of weight limitations the use 
of the engines had to be confined to but 
a portion of one. division, pending 
strengthening of some bridges; 

3. In order to eliminate the variation 
in handling of experimental engines und 
to render crew observations as valuable 
as possible, the locomotives were operated 
with assigned crews and the mileage was, 
therefore, reduced. 

Operation data regarding fuel con- 
sumption, cost of: maintenance, are not 
yet available, but it is the opinion of the 
Railroad that the experience with the 
water-tube fireboxes warrants the further 
use of fireboxes of this type, as is evi- 
denced bythe recent purchase of a third 
locomotive of this type from the Amer- 
ican Locomotive Company, « the James 
Archbald », No. 1402. The boiler of this 
locomotive (fig. 27) carries a still higher 
pressure — 500 Ib. per square inch. It 
is of the same Muhilfeld type, differs very 
little in design or dimensions from the 
boiler of the John B. Jervis (No. 1401), 
but it dees differ in the use of ailoy 
steels. The shell plates of the fire tube 
boiler and of the front top drums are of 
silicon-manganese steel; the rear top 
drums and the bottom water drums are 
of nickel low carbon steel. The water 
tubes next to the fire are of special Alle- 
cheny heat-resisting steel; tubes in other 
rows are of cold drawn seamless steel. 
The boiler tubes and flues are of nickel 
steel. The rest is of carbon steel. 

The locomotive was completed and de- 
livered to the Railroad in April 1930. 
Figure 28 gives a view of the locomotive. 
It is the intention of the Railroad, after 
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‘the locomotive is broken in, to make ex- 
haustive tests in comparison with loco- 
motives of the ordinary type. 

The principal dimensions of the three 
locomotives are given in table XI. 


CONCLUSION. ~ 


The experience with water tube fire- 
boxes in America is very interesting and 
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promising, but in view of the shortness 
of time of the experience and of the 
limited territory where it took place, and 
especially in view of the lack of complete 
information regarding the operation of 
the locomotives, it is yet too early to 
draw any definite conclusions as to the 
serviceability and advantages of fire- 
boxes of this type. 
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A new type of ferro-concrete sleeper. 


The Prot sleeper”, 


by Marcet. PROT, 


Kingineer for Bridges and Roads. 


Figs. 1 to 10, pp. 1705 to 1716. 


CONTENTS. 
I. — The question of ferro-concrete 
sleepers. 
II. — Evolution of the ferro-concrete 
sleeper. 
Il. — The rational ferro-concrete sleep- 


er: 
IV. — The Prot sleeper. 
a) General features; 
b) Stability; 
c) Method of rail attachment; 
d) Electrical insulation; 
e) Weight; — 
f) Handling; 
g) Repairs; 
h) Price. 
Summary. | 
Conclusions. 
Instructions for laying the Prot sleeper 
and for its maintenance. 


I. — The question of ferro-concrete 
sleepers. 


After a long period during which the 
art of construction scarcely knew any- 
thing but stone.and wood, the end of the 
nineteenth century and the beginning of 
the twentieth saw these materials gra- 
dually being replaced by steel in numer- 
ous applications. Steel is rapidly being 
replaced today by ferro-concrete, espe- 
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cially in the construction of bridges, 
framed structures and foundations. For 
foundations in bad ground, wood « rafts » 
and later steel « rafts » have been used 
in succession, whereas nowadays no one 
would ever think of using anything but 
concrete, either reinforced or not. 

The railway sleeper, which is at once 
the foundation and the girder of the per- 
manent way, is passing through the same 
stages although somewhat more slowly. 

Undoubtedly, up to the present, timber 
has been a very suitable material for 
sleepers, but this will very soon be the 
case no longer. Having become increas- 
ingly more expensive to buy and to main- 
tain, timber is essentially perishable, 
despite costly treatment, so much so that 
new countries, where the climate is hot, 
have had to dispense with it in equip- 
ping their railways. Moreover, although 
timber answered well to the loads and 
speeds of yesterday, it is begining to 
be doubted whether its necessarily res- 
tricted dimensions and its primitive 
method of rail attachment answer as well 
to the loads and speeds of the present 
day, or will answer @ fortiori to those of 
tomorrow, and it might be asked whe- 
ther the exclusive preference of which 
timber is sometimes made the object is 
not due in part to custom and to too 
great a distrust with respect to new solu- 
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tions of the problem which will soon have 
to be found. 

The steel sleeper, which is scarcely less 
perishable than the timber sleeper, does 
not impart a really satisfactory stability 
to the track, it is expensive to purchase 
and maintain and the rail attachment is 
still distinctly defective. 

Ferro-concrete, with all the abundance 
and flexibility of its resources, provides 
a solution and ought to enable some pro- 
gress to be made in this connection as it 
has done in many others. 

It is true that only a few years ago 
some people still regarded the ferro-con- 
crete sleeper as an Utopian idea. Its cost 
price was also very much greater than 
that of the timber sleeper, which it had 
not yet equalled from the technical stand- 
point, and its long life was the only ad- 
vantage to be looked for in the distant 
future. 

(Conditions at the present time are very 
much different. Already considerable 
quantities of ferro-concrete sleepers have 
been given a trial, especially in France, 
and the results obtained, although often 
not perfectly satisfactory, have been suf- 
ficiently encouraging to convince even 
the most sceptically minded of the possi- 
bility of replacing timber by ferro-con- 
crete. On the other hand, the difference 
in price between the one and the other 
has diminished in a remarkable manner, 
and if the increase in price which tim- 
her and creosote, which are-ever becom- 
ing more in demand, have undergone in 
recent years still continues, we are on 
the eve of seeing the ferro-concrete sleep- 
er become unquestionably more econom- 
ical than the timber sleeper, 

At the present moment, therefore, the 
ferro-concrete sleeper is invested with an 
interest which it has never before pos~ 
sessed, and which is forcibly emphasised 
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by the numerous tests which have been 
organised of latein all parts of the world. 

Still —- and this is a conclusion which 
follows clearly from the most recent ar- 
ticles on this question (1) — the very fact 
of the difference in opinions regarding 
the types which have been tested and the 
large number of new types which have 
recently been proposed, prove incontest- 
ably that the ferro-concrete sleeper which 
is absolutely satisfactory from the tech- 
nical point of view has yet to be con- 
structed. 


II. —- Evolution of the ferro-concrete 
sleeper. 


When in any branch of construction, 
a material which has been used for a 
long time is replaced by a new material, 
it may often be observed that during a 
period of transition, which is frequently 
fairly long, the new material is. still 
given the shapes of the old material be- 
fore it is given the new and more ra- 
tional shapes which are better adapted to 
its properties, even when these properties 
differ perceptibiy from those of the old 
material. Ferro-concrete sleepers form 
a remarkable example of this slowness of 
evolution. 

The timber sleepers, employed one 
might say ever since the origin of rail- 
ways, have the shape of a parallelopiped, 
which is rendered necessary on account 


(1) Bulletin of the International Railway 
Congress Association : Reports drawn up for 
the Madrid Congress : No. 1, by Messrs. Jun- 
LIEN and Chaise (November 1929 number, 
p. 1959). No. 2, by Mr. F. B. Freeman (May 
1929 number, p. 433). No. 3, by Mr. E, 
Krtcxk (December 1929 number, p. 2975). 
Mr. Freeman states : « ... a satisfactory design 
is not available, It is essential that exper- 
iments be continued to develop a satisfactory 
design >, Ban 
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of their very nature, the moderate size 
of the trees from which they have been 
made and the easiest and most econom- 
ical method of selling timber. This 
shape, which is obtained directly by saw- 
ing, is both the simplest and the least 
expensive, and besides is well suited to 
the conditions under which the sleeper 
has to perform its duties. 

When the idea first arose of replacing 
timber for sleepers by ferro-concrete, an 
essentially different material, it is curi- 
ous to note that an attempt was made 
to reproduce in ferro-concrete the shape 
and dimensions of the timber sleeper. 
Now the least that can be said is that 
this shape and small size, unavoidable in 
the case of timber, are by no means ne- 
cessary in the case of ferro-concrete. 

Doubtless, certain constructors have 
already appreciated this anomaly for 
they have sought to separate the function 
of transmitting the vertical stresses from 
the function of providing a cross-tie be- 
tween the rails, and the types of sleeper 
in which this two-fold function is en- 
trusted to two distinct parts, the head 
and the cross-piece, represent an effort 
to discover a more rational solution. 
There still remains much to be done, 
however, in connection with this appli- 
cation, and the present sleepers appear 
to be far from making full use of all the 
benefit that is to be got from ferro-con- 
crete as a substitute for timber. 

In brief, if we admit that the formula 
which was suitable for timber is prob- 
ably not that which is adapted fo ferro- 
concrete, if we make an effort to aban- 
don the old ideas which we are tempted 
to find satisfactory simply because they 
are familiar, and if we refrain from re- 
garding some solutions as final, which a 
relative degree of perfection leads us to 
regard for the time being as’ acceptable, 
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we shall recognise that the really rational 
solution of the problem of the ferro-con- 
crete sleeper is still to be found as re- 
gards both the sleeper itself and the 
method of fixing the rail. 


Ill. — The rational ferro-concrete 
sleeper. 


The sleeper in general performs a three- 
fold function : 

— transmission of the vertical forces; 

— transmission of the horizontal for- 
ces; 

— maintaining the distance between 
two lines of rails. 

At the present time, the dimensions of 
the timber sleeper may be regarded as 
final and could not, at least not econom- 
ically, be much greater than what they 
are now. The surface of support on the 
ground thus obtained transmits consider- 
able vertical pressures which would be 
inadmissible for most kinds of ground, 
and which are distributed over a greater 
area by placing a bed of ballast.made of 
selected material between the ground and 
the sleeper. 

In order not to increase excessively the 
thickness of this bed of ballast, it has 
become the common practice to place be- 
neath it another lower layer of sand or 
gravel, which distributes the pressures 
over a much greater area and so reduces 
them to a value which is permissible even 
for the worst ground. 

Apart from the vertical stresses, the 
rail transmits to the. sleeper horizontal, 
longitudinal and lateral stresses. The bal- 
last then intervenes in transmitting these 
stresses to the ground. The sleeper is 
held to the ballast by adhesion, the bal- 
last supporting the sleeper, while the 
sleeper bears against the ballast sur- 
rounding it by the thrust of its lateral 
faces or ends. 
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Hence it is not the timber sleeper alone 
which transmits to the ground the differ- 
ent forms of pressure exerted by the rail, 
but the combination formed by the sleep- 
er and the ballast together. 

Finally, the sleeper has to maintain the 
distance between the two lines of rails. 
We know that, in short radius curves, 
the timber sleeper has some difficulty in 
performing this duty, the coach screws 
becoming loose or being torn out, and 
the fibres of the timber beneath the rail 
flange, where the timber is subjected to 
the greatest load, being crushed excessi- 
vely. 

In view of the continued increase in 
the loads and speeds, the efforts which 
have been made to maintain the stability 
of the track consist in increasing the 
thickness of the ballast (tamped layer and 
bottom layer) and in placing the sleepers 
closer together. There is obviously no 
other solution possible with the timber 
sleeper, which, as was stated before, 
cannot be much different from what it is. 

In this respect, however, ferro-concrete 
affords resources which are not offered 
by timber, and a rational ferro-concrete 
sleeper ought to utilise all these resources 
in order to perform in the best possible 
manner the three-fold duty which has de- 
volved upon the sleeper. 

This three-fold duty, which the timber 
sleeper cannot perform by itself, can be 
assured very effectively by the ferro-con- 
crete sleeper provided that it is made of 
the proper shape and size. It is capable 
of providing by itself a bearing surface 
equal to, and even greater than that pro- 
vided by the timber sleeper and the bal- 
last bed combined. 

The settling of sleepers, a serious fac- 
tor in maintenance work and the result 
of the flexibility of the timber, may be 
avoided if advantage is taken of the ri- 


gidity which a ferro-concrete sleeper may 
possess. 

Finally, if the wood screw constituting 
the coach screw is justifiable for fixing 
the rails to timber sleepers, it is obvious 
that its application to ferro-concrete 
sleepers, to which it is difficult io adapt, 
is merely an unjustified extension of old 
customs. On the other hand, a system of 
fixing the rail which is really adapted to 
ferro-concrete sleepers may possess qua- 
lities of strength, stability and tightness 
greater than those possessed by the coach 
screw in the best timber sleeper. 


IV. — The Prot sleeper. 


In the Prot sleeper, which is an enti- 
rely new type of sleeper, as regards both 
its conception as a whole, its shape and 
the rail fastening, these various resources 
of ferro-concrete are made use of and a 
solution of the problem is obtained. This 
sleeper appears to possess important tech- 
nical and economical advantages. 


a) General features. — The Prot sleep- 
er is a hollow ferro-concrete sleeper about 
2.70 m. (8 ft. 40 5/16 in.) long, 0.40 m. 
(1 ft. 3 3/4 in.) wide at the base and 
0.27 m. (40 5/8 inches) thick ('), the use 
of which, even if it does not permit the 
ballast to be dispensed with entirely, en- 
ables the layer of ballast called the « tamp- 
ing » layer to be considerably reduced. 

In fact, by virtue of these dimensions, 
the Prot sleeper has a lower bearing sur- 
face greater than 1.00 m? (10.76 sq. feet), 
whereas a timber sleeper of an average 
width of 0.24 m. (9 7/16 inches), tamped 
for 0.35 m. (1 ft. 1 3/4 in.) on either 


(1) These dimensions are merely given to 
fix an order of magnitude and are not rigidly 
compulsory, since the exact dimensions must 
be determined in each case according -to the 
conditions of service. 
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Fig. 1. — Prot ferro-concrete sleeper, patented in France and abroad. 
explanation of French terms: Coupe dans l’axe, etc... = Section along the axis of the sleeper. — Coupe dans l’axe du rail = Sectiom 
along the rail axis. — Coupe longitudinale = Longitudinal section. — Vue en bout = End view. — Vue en dessous = View from 


_ below. — Vue en dessus = View from above. 


side of the rail axis, has a bearing sur- 
face of only 0.34 m? (3.65 sq. feet), since 


_ the distribution produced by a bed of 


ballast averaging 0.15 m. (6 inches) thick 
under the sleeper does not appear to ex- 
tend over an area very much greater than 
0.60 m? (6.46 sq. feet) (+). 

Under these conditions, there is no ne- 
cessity to place beneath the sleeper a 


(1) Even if it is assumed that the entire 
surface of the timber sleeper plays an effective 
-part, we still only obtain a surface of distri- 
bution under the tamped layer of the order 
of 1 m2 (10.76 sq. feet). 


thick bed of selected and expensive bal- 
last of broken stone, and it is sufficieht 
to allow the sleeper merely to rest on a 
bed of sand, gravel, etc., which only re- 
quires to be of any thickness on really 
bad ground, and may be reduced to a 
mere conditioning bed of a few inches if 
the ground is good. 

In point of fact, the material of the 
ballast is not altogether absent from the 
permanent way. It has merely been in- 
corporated in, and so to speak made part 
of, the sleeper itself in an incomparably 
more efficient and reliable form, since 
the Prot sleeper by itself provides a bear- 
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ing surface which is distinctly greater, tain thickness of ballast ean always ve 
more stable and more efficient than that placed under the sleeper; in fact on clay 
formed by the combination of the timber — floors, the thickness ought to be consi- 
sleeper with its ordinary bed of tamped  derable, but what one may say is that, 
ballast. under any given conditions, the Prot 

Of course, in order to obtain a satis- sleeper by itself will be equivalent to the 
factory conditioning of the floor and a combination of the ordinary sleeper with 
better distribution of the pressure, a cer- a ballast bed 0.15 m. (6 inches) thick, 


Surface < 10.76 sq. feet. Surface = 10.76 sq. feet. 


Fig. 2. 


and other things being equal, it will al- form those elements, that is to say, to 
ways be possible with the Prot sleeper cause settling of the sleeper. 


to save this 0.15 m. (6 inches) of ballast. 2. Its length of 2.70 m, (8 ft. 10 5/16 
2. EQ 105 


b) Stability. — The conditions of sta- in.) results in a much flatter deformation 
bility of this sleeper have been studied curve and is in consequence less fayour- 
in detail in a paper (1), where the reader able to séttling than that corresponding 
will find all the useful particulars, espe- to a length of about 2.40 m. (7 ft. 10 1/2 
cially relating to a method of calculat- in.). . 


ing ferro-concrete sleepers conforming 2 Toth “ 9 
more closely to experience than the meth- rei uct - i ae He 
TE ate pak coat nea 2 thicknesses of the timber sleeper and the 
Kies re prace, me Wrner wis contne layer of tamped ballast, gives it a rigi- 
imself to summarising the consequen-  qity which tends to equalize the pressures 
ces of the general features of the Prot 4 oxerts on the ground and nick aids 
TE Oa saa as concerns its beha- tends to flatten the deformation curve, a 
F double condition which is still further 


1. Its large bearing surface exerts on adapted to reduce settling. 


the elements lacking in cohesion placed 4, Finally, it should be borne in mind 
beneath it a very much lower pressure  fhat, for an equal pressure, a large sur- 
per unit area than the pressure exerted face has a lesser tendency to deform the 
by the ordinary sleepers, and consequent- ground than a small surface 
ly much less liable to permanently de- ; Mg: 

: 5. Whereas the present sleepers, and 
above all, timber sleepers resist often in 
(1) M. Pror: Note on the caleulation of | Very precarious manner the horizontal 
ferro-concrete sleepers (see appendix). efforts, which manifest themselves chief- 
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ly by the creeping and sinusoidal defor- 
mation of the track, the Prot sleeper, on 
the contrary, is designed to afford an 
effective resistance to these efforts. By 
its own weight, by 
filling of gravel which loads its edges, 
by its extensive bearing surface, and by 
the ribs on its lower face, it grips the 
ground firmly, and in addition, its large 
base tends to protect the ground from 
damp and to compress it instead of main- 
ly bearing, as does the timber sleeper, on 
the movable ballast surrounding it. 

Although, in combating creeping, it has 
heen possible to unite the rails and sleep- 
ers together in a suitable fashion, it has 
not been possible in practice hitherto to 
prevent completely the creeping of the 
sleepers in somewhat difficult cases. It 
may be supposed that in this respect, 
the Prot sleeper will offer a resistance 
which hitherto no sleeper has been able 
to offer. 


6. Finally, owing to the fact that the 
deformation of the ground and the sleep- 
er remains very slight, that of the rail 
itself is also diminished, and it may be 
concluded that this will result in less 
fatigue of the rail, a reduction in the 
number of fractures and an improved 
behaviour of the track, an advantage to 
be borne in mind in view of the con- 
tinual increase in loads and speeds. 

For the purpose of summarising and 
to fix one’s ideas, it may be pointed out 
that it follows from what has been said 
that where the timber sleeper settles by 
5 or 6 mm. (3/16 to 1/4 inch), the Prot 


the weight of the. 
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‘designed which 
-and “robust and which is really adapted 


sleeper, under the same conditions will » 


settle by less than 1 mm. (3/64 inch), an 
important consideration as regards per- 
manent way maintenance. 


c) Method of rail attachment. seule 


longitudinal cavity of the Prot sleeper en- 


5 ee 


ables a system of rail attachment to be 
is remarkably simple 


to ferro-concrete. 
This attachment consists for each rail, 


in the case of the flanged rail, of two 


bolts passing through two suitable holes, 
in the upper part of the sleeper. These 
bolts bear against the underside of the 
upper part of the sleeper by means of an 
elastic plate (‘), and clamp the rail by 
means of two clips. 

Tt will be seen at once that the attach- 
ment thus constituted is entirely inde- 
pendent of the sleeper and that it may 
be assembled and dismantled with ease 
without affecting the sleeper. 

Owing to the possibility of accommo- 
dating an elastic plate in the recess, the 
attachment may be tightened in a much 
more effective and permanent manner 
even than that obtained by fixing the rail 
to a timber sleeper by coach screws, with- 
out any possibility of the rail canting 
over, widening of the track or jumping 
of the rail on the sleeper. To provide 
some idea of the functions of this elastic 
plate, it suffices merely to point out that 
the load required to crush it completely 
is about 2500 kgr. (5510 Ib.), while for 
a good spring washer of the ordinary 
type, the crushing load does not exceed 
150 kgr. (330 Ib.). 

This attachment may be used with the 
same degree of ease and the same advan- 
tages for fixing the chairs of double- 
headed rails. _ 

It is an exceptionnally simple and con- 


venient matter to place this attachment 


(1) _The serves rendered by these elastic 
plates (Reiss plaites) for locking fishing plates 
are well known, The railways using them 


‘have practically | ‘been able to do away with 


the ‘periodical rounds required for tightening 
these bolts. 
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in position. The two nuts and the elastic 
plate are introduced into the cavity and 
placed on suitable tools, and the bolts 
are then inserted through the upper part 
like ordinary coach screws. 

This system of attachment enables the 
clip or the coach screw to be used in- 
differently. If preferred, the Reiss plate 
may be replaced by a simple plate of me- 
tal, wood, fibre or bakelised paper, and 
any system of lock nut may be adopted. 

The Prot sleeper also allows the old 
method of using wooden wedges for fix- 
ing the rails to be adopted again with 
exceptional convenience. The wedge is 
placed in position, and changed if ne- 
cessary, with the greatest ease by way of 
the cavity without having to remove 
the sleeper from the track. As in the all- 
metal attachment, we again have a mem- 
ber holding the rail to the sleeper and 
pulled downward from above (the coach 
screw), and a member bearing against the 
sleeper from below and pulled upward. 
This last member, the wooden wedge, at 
the same time forms the elastic member 
and keeps the entire arrangement per- 
manently tight. This method of attach- 
ment is less expensive than the all-metal 
attachment and may be used in its place 
in every case; although it may be consi- 
dered as being less reliable and less. per- 
fect in the case of the flanged rail, it may 


be recommended for fixing chairs, in 


which case there is no risk of the coach 
screw tilting over as in the flanged rail. 
Some foreign railways, who prefer to re- 
tain the use of spikes for special reasons, 
have asked us for the wooden wedge. 

It should be noted that the wooden 
wedge, which moreover is specially treat- 
ed with tar beforehand, is amost entirely 
protected from the influence of damp and 
weather, an essential condition for its 
preservation and for maintaining the 
tightness of the fixture. 
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In order to preserve the smoothness of 
running, due to the elasticity of the wood 
beneath the rail flange, the sole plate in- 
terposed between the rail and the con- 
crete is not one of a few tenths of an inch, 
but it is one of creosoted oak, bakelised 
poplar or vulcanised fibre of an average 
thickness of 15 mm. (5/8 inch). The 
sleeper is purposely provided with a suit- 
able recess in which the sole plate is 
accommodated. There is thus no risk of 
the sole plate turning or slipping, nor is 


-it exposed to the weather except on a 


very insignificant surface. 

The special form of spike ensures cor- 
rect tightening independently of the 
thickness of the sole plate between the 
rail and the sleeper, and also holds the 
rail in an absolutely fixed position. 


d) Electrical insulation. — It is well 
known that most ferro-concrete sleepers 
have been found to be poorer insulators 
than timber sleepers, a serious disadvan- 
tage for railways using track circuit sig- 
nalling systems. 

The rail attachment of the Prot sleep- 
er; being independent of the sleeper and 
having no metal parts buried in the con- 
crete, provides a much more satisfactory 
insulation, approaching that of the tim- 
ber sleeper. By tarring the attachment . 
and the sleeper in its vicinity, a simple 
and not very expensive process, the re- 
sulting insulation is equal to, if not su- 
perior than, that of timber sleepers. The 
first tests have given resistances of the 
order of 3000 « per sleeper under heavy 
rain. 


e) Weight. — As regards weight, there 
can be no question of a comparison be- 
tween the Prot sleeper and the timber 
sleeper or even the ordinary ferro-con- 
crete sleeper, which do not perform the 
same duty, since in the case of the Prot 
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Prot sleeper. 


Figs. 5 to 7. 
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chment for a double headed rail. 
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requires no greater weight of fittings, or 
even less, than most of the prism shaped 
sleepers at present on frial. 


Moreover, although the lightness of the 
timber sleeper may be of advantage in 
placing the sleeper in position, a rare 
occurrence, no one will deny nowadays 
that the weight of ferro-concrete sleepers 
is a very valuable advantage as regards 
the stability of the track. The desire to 
persist in drawing a narrow comparison 
between the ferro-concrete sleeper and 
the timber sleeper, especially as regards 


- weight, has certainly been an error and 


a result of too slow an evolution; the 
ferro-concrete sleeper must be heavier 
and we may believe that a more complete 
evolution will accept heavier and heavier 
sleepers. 


f) Handling. — Again owing to its ca- 
vity the Prot sleeper is particularly easy 
to handle. For loading and unloading, it 
may readily be grasped by two hooks en- 
gaging in the ends of the cavity. For 


laying and adjusting the sleeper, it is 
easily moved by engaging a crowbar in 
each end or by passing a piece of timber 
through it from end to end. 


g) Upkeep. — A track equipped with 
the Prot sleeper has a very satisfactory 
appearance, it is easy to travel over and 
inspect, and is easy to keep in a perfectly 
clean and well-conditioned state. 

It follows from what was said earlier 
that the Prot sleeper practically ought 
not to settle. If the movements of the 
floor make it necessary, the track may be 
adjusted very easily by packing up the 
sleeper. If the subsidence is not very 
great, it may be done much more easily by 
using wooden sole plates of slightly dif- 
ferent thicknesses, varying for example 
from 10 mm. to 20 mm. (145mm. + 5 mm.) 
[3/8 to 3/4 inch (19/32 + 3/16 inch) ], 
and which are very convenient to use 
owing to the special shape of the clips. 

The attachment should not require 
practically any upkeep. 


per yard). 


Standard rail 


46 kgr. (92.7 lb 
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Provided a ferro-concrete sleeper is 
well designed (*), it should have a longer 
life than the timber sleeper, thus justify- 
ing a higher purchase price, and it should 
also enable considerable economies to be 
effected in maintenance costs. 

The Prot sleepers as constructed at 
present weigh about 350 ker. (770 Ib.) 
and comprise 18 to 22 ker. (39.7 to 48.5 
Ib.) of fittings. Taking the same basic 
prices for cement and steel, and the same 
general expenses, the cost price is there- 
fore comparable with, if not lower than, 
that of the prism shaped sleepers at pre- 
sent in use, some of which, employed in 
large numbers, and consequently consi- 
dered to be of an acceptable price, weigh 
up to 350 kg. (770 lb.) and comprise up 
to 25 ker. (53 Ib.) of fittings. 

The objection might be made that, given 
an equal weight of ferro-concrete and 
steel, the Prot sleeper will be a little 
dearer than most of the sleepers used 
heretofore on account of its more care- 
fully designed shape requiring more ex- 
pensive moulds and also a little more 
labour. This consideration is true as 
regards the manufacture of small quan- 
tities, but it disappears when the manu- 
facture of considerable batches of sleep- 
ers is involved, as would be the case nor- 
mally. It should also be mentioned that 
the mould (shell and core) is not so 
complicated as one might think, and that 
the preparation of the rail attachment — 
two simple holes — is substantially sim- 
pler and less expensive than it is in al- 


most all the other types at present known: 


On the other hand, account should be 
taken of the considerable saving to be 


(GOS Rats) necessary to lay stress on this 
point : ithe fatigue of the steel and particular- 
ly of the ferro-concrete must be low enough to 
enable the sleeper to resist very frequently 
repeated stresses for a considerable time. 
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effected on ballast. Retaining the same 
under layer, and taking as a basis the 
simple replacement of the broken stone 
by the gravel filling the space between 
the Prot sleepers, the saving obtained is 
of the order of 15 to 25 francs per sleep- 
er. In this way, a first cost is obtained 
which is comparable with or even lower 
than that of the cheaper ferro-concrete 
sleepers, and at the present time in the 
neighbourhood of that of timber sleep- 
ers. The saving on ballast effected in 
this way would be still greater if the 
custom, to which some railways propose 
to give a trial, of partly dispensing with 
the filling between the sleepers came into 
use. 

Even though, for various reasons, 
chiefly in order to have a surface in bet- 
ter condition, it is desired to retain a 
slight layer of broken stone; this layer 
in any case may be reduced to about 
5 em. (2 inches) which would result in 
a saving of 5/6 on the cost corresponding 
to the ordinary layer of 30 cm.(12 inches). 

As was pointed out previously, the con- 
dition of the floor and the distribution 
of the pressures may be improved still 
further by placing a thickness of ballast 
underneath the sleeper as may be consi- 
dered useful, but the Prot sleeper in it- 
self will always be equivalent to 15 cm. 
(6 inches) of ballast under an ordinary 
sleeper, and other things beiny equal, it 
will always enable these 15 em. of ballast 
to be saved. 

Finally, if preferred, a half-way solu- 
tion may be adopted, a little more bal- 
last being retained and the width of the 
sleeper being in this case reduced, result- 
ing in a lighter and less costly sleeper. 

The choice of the solution will merely 
depend upon the special conditions of 
the line which is to be equipped. In this 
connection it is of interest to emphasize 
once again how much the Prot sleeper 


adapts itself with flexibility to the most 
varied conditions. 

The advantage of the Prot sleepers as 
regards the fatigue of the rails, which 
was mentioned earlier on, enables the 
sleepers to be placed closer together than 
timber sleepers, or sleepers of similar di- 
mensions, other conditions being the 
same. This again is a consideration, the 
economic interest of which cannot be 
overlooked as regards both first cost and 
upkeep. 

If in addition it is-considered that this 
sieeper, working in favourable conditions, 
without apparent fittings, and provided 
with a rail attachment which is easily and 
entirely replaceable, ought to have a lon- 
ger life than those of all the known types, 
and if we add that it eliminites any ne- 
cessity for re-tightening or re-tamping, 
it will be seen that its upkeep and de- 
preciation are extremely small and lower 
than those of all the sleepers which have 
heen used or tried hitherto. 


SUMMARY. 


Mr. Freeman, Chief Engineer of the 
New York Central Railroad, in the very 
full report which he has drawn up for 
the Madrid Congress and which has al- 
ready been referred to, points out that, 
in order to give satisfactory results, a 
ferro-concrete sleeper should satisfy the 
following conditions ; 


1. Sufficient strength to withstand the 
shock and vibration of heavy traffic; 


2, A satisfactory fastening for the rail 
or chair; one that does not require too 
much attention and is simple and easy 
in its adjustments. Provision must be 
made so that shimming between rail and 
tie can be readily accomplished; 


3. Where track circuits are used, ade- 
quate and reasonably permanent insula- 


tion must be provided between the rail 
and the tie to insure positive operation 
of signal system at all times and under 
varied weather conditions; 

4. A roughened surface in contact 
with the ballast to overcome the lessened 
frictional resistance of concrete as com- 
pared to wood; 

5. Provision for anti-creepers properly 
insulated to prevent leakage of electric 
current where track circuits are used 
and at the same time applied so as not 
to cause the tie to roll; 

6. A life equivalent or commensurate 
to that of treated wooden ties to justify 
use of concrete ties from an economic 
standpoint. In other words, if the con- 
crete cross-tie costs twice as much as 
the treated wooden cross-tie, it should 
have a life approximately twice the life 
of the wooden cross-tie. 


It is interesting to note, by way of sum- 
marising what has gone before, how 
much the Prot sleeper appears to answer 
in a remarkable manner to these various 
demands. 


1. If ferro-concrete sleepers, subjected 
as they are to frequently repeated stresses 
and shocks, are to have a Jong life, it is 
essential that their different parts should 
only work at a relatively low fatigue ra- 
tio. As pointed out previously, and as 
shown in detail in the mathematical note 
to follow, the Prot sleeper by virtue of 
its entirely new design is in excellent 
conditions of stability and mechanical 
resistance,*much superior than those ob- 
tained in the case of most of the types 
which have been tried hitherto. More 
particularly as regards shocks, the use of 
a thick sole plate under the rail flange 
and the maintenance of a powerful tigh- 
tening of the rail attachment by means 
of the elastic plate appear as serious gua- 
rantees of long life. 

The shapes and the dimensions of the 
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ferro-concrete, as well as those of the fit- 
tings have been designed to limit the 
stresses to very reduced proportions, also 
an excellent guarantee for the life of the 
sleeper. 


2. The rail attachment of the Prot sleep- 
er, by its robustness and simplicity, well 
satisfies the conditions indicated by 
Mr. Freeman. All the modifications, whe- 
ther they employ the coach screw or the 
rail spike, enable wooden or fibre sole 
plates of a variable thickness to be used 
and provide the desirable facility of ad- 
justment. 


3. The electrical insulation is obtained 
in conditions similar to those provided 
by the timber sleeper. 


4, The rough surface required by 
Mr. Freeman is provided in a very effec- 
tive manner by the ribs on the under- 
neath face of the sleeper. 


>. As regards creep, the powerful and 
permanent manner in which the rail at- 
tachment is tightened would appear to be 
a guarantee of solidity between the rail 
and the sleeper. On the other hand, the 
rigidity of the sleepers relatively to the 
ground appears to be obvious, especially 
if the spaces between the sleepers are 
completely filled in. 


6. Finally, the Prot sleeper appears to 
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be satisfactory from the economic stand- 


point in more than one respect. Its rela- 
tively low first cost price and its very 
long life bring its depreciation to a fig- 
ure which is certainly lower than that of 
the timber sleeper. Its particularly dur- 
able resistance to sinking and tightening 
of the rail attachment would appear to 
reduce maintenance almost to nothing, a 
very important consideration in the cases, 
which are nowadays frequent, when la- 


bour is scarce. 


— 


Conclusion. 


In conclusion, it is possible to believe 
that the Prot sleeper while giving to the 
track an excellent behaviour, will be in 
addition a really economic sleeper. It 
appears to be the logical outcome of an 
evolution which, departing from the ser- 
vile imitation of the timber sleeper, must. 
of necessity know some hesitation and 
overcome some rule-of-thumb ideas be- 
fore arriving at the final adoption and 
utilisation of ferro-concrete in the mo- 
dern railway. 


Prot 
sleeper and for its maintenance. 


Instructions for laying the 


General considerations. 


Prot sleepers are essentially different 
in their conception from ordinary sleep- 
ers and should not be laid on the same 
principles. 

Ordinary sleepers, as far as possible, 
should rest on the ballast only in the por- 
tion of their length which is near the 
rails, and should be tamped in that por- 
tion only. They are not tamped in the 
middle as a matter of principle, unless it 
is intended that they should sink syste- 
matically, as is the case with some ferro- 
concrete sleepers. When laying ordinary 
sleepers, no attempt is made to level the 
ballast very carefully, the rail being le- 
velled subsequently by tamping. 

The Prot sleeper, on the contrary, 
should rest on the ballast along the whole 
of its lower face. If the whole of its bear- 
ing surface is not utilised, or if it is 
« tamped » in the neighbourhood of the 
rail, it will not be working in the condi- 
tions for which it has been designed. 

The Prot sleeper should not be tamped. 
Tamping, or the corrective or preventive 
measure of allowing the sleeper to sink, 
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should not be used, for the Prot sleeper 
ought not to sink ('). 


Laying. — First of all, before placing 
the sleeper in position it is necessary to 
obtain a ballast surface which is as flat 
and as level as possible, the sleeper being 
afterwards simply placed on this surface 
without any tamping. After the traffic 
has run over them at speed for a few 
days, the track will be adjusted as de- 
scribed below in connection with main- 
tenance. 


Maintenance. — To adjust the track, 
proceed in the following manner: Loosen 
freely the attachments so that the sleeper 
rests freely on the ballast and cannot in 
any case be held « in the air» by the rail. 
Level the sides of the sleepers resting 
thus at each end. 

If the sleeper has subsided by a few 
millimetres only, replace the sole plates 
by thicker sole plates, so that at each end 
of the sleeper the rail is provided with 
support on the desired side. If the sleep- 
er has subsided too much, or if the sole 
plates already placed in position are in 
the neighbourhood of the maximum thick- 
ness, lift the sleeper freely, pack it under- 
neath by 10 mm. (3/8 inch) and replace 
it in position with sole plates in the 
neighbourhood of the minimum thick- 
ness. 


(1) Or more exactly, should only sink by a 
quite negligible amount. 


In this way, all the advantages of pack- 
ing are obtained, that is to say, the re- 
tention of a stable and well packed layer 
beneath the sleeper which tamping has 
the disadvantage of destroying. It is 
only necessary to raise the sleeper by 
packing on rare occasions and by im- 
portant amounts; when a slight raising 
of the sleeper is required, it is preferable 
to do this by changing the sole plate, an 
operation which is simpler and attended 
by more definite results. 


Ballast. — The sleepers are placed on 
a fine ballast of sand, gravel, ete., and if 
it is necessary to obtain a very carefully 
conditioned surface, broken stone of a 
size of 4 cm. (1 9/16 inches) may even 
be used. It is without interest and clear- 
ly disadvantageous to lay ferro-concrete 
sleepers on coarser ballast than this. 

The thickness of the ballast (top layer 
and bottom layer) ought to depend upon 
the nature of the floor. 

On a platform of good ground, well 
conditioned and well made, the sleepers 
may even be placed directly on the 
ground, the « tamping » layer not being 
required, and the bearing surface pro- 
vided by the sleeper being sufficient, as 
explained elsewhere. 

On clayey floors it is necessary, in or- 
der to obtain stability of the track, to 
place under the sleeper a sufficient bed 
of cinders, sand, gravel, etc., so as to 
obtain sufficient distribution of pressure 
and allow the water to drain readily. 
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APPENDIX. 


Note on the calculation of ferro-concrete sleepers. 


Without investing the calculation with 
more importance than it deserves in 
such a matter, it is not without interest 
to try to take into account the order of 
magnitude which the factor of safety of 
a ferro-concrete sleeper may attain, and 
to try to analyse the conditions under 
which it works. 

It is certain that the sleepers should 
not break. 


It should also not be forgotten, how- 
ever, that a sleeper is essentially a mass- 
production article, the cost of which is 
basic, and that a high factor of safety 
is an expensive luxury. Moreover, the 
accidental cracking of a sleeper is by no 
means a catastrophe, and if the fact is 
still a somewhat rare occurrence, it may 
be less expensive than larger dimensions. 
Although the fracture of a rail is incom- 
parably more dangerous than the crack- 
ing of a sleeper, tthe types of rails in use 
are adhered to, and no attempt is made 
to obtain a greater factor of safety by 
an increase in the section, the cost of 
which would be such as to render the 
working unprofitable. 

It is merely necessary, therefore, apart 
from fairly rare cases, that the fittings 
of a ferro-concrete sleeper shall not have 
to support at any point stresses greater 
than their limit of elasticity, which 
would involve not the fracture of the 
sleeper but a least the cracking or fis- 
suring of the concrete. 

Experiment alone is able to supply a 
final answer to this question, but it is 
expensive and long in addition. It does 
not tell us whether a sleeper which holds 
is simply sufficient or is excessively 
strong, and by itself it will not provide 


a result except after numerous attempts 
in the dark, 


Aided by experiments already made, 
calculation is able to provide indica- 
tions, the exactness of which must not 
be overestimated but which are not 
without some value, 


Loads to be assumed. 
1. Maximum regulation loads. 


The first question which arises in the 
calculation of a sleeper is the determi- 
nation of the maximum loads to be con- 
sidered. 

The maximum weight of the axles al- 
lowed by the French Regulation is 20 t. 
(19.7 Engl. tons) and the minimum gauge 
is 1.50 m. (4 ft. 11 in.). It may be asked 
whether a sleeper, the life of-which on 
principle must be long, is not exposed 
to an increase of this maximum load a 
few years hence, for the maximum of 
20 t. has been practically reached at the 
present time and when the actual Regu- 
lations were drawn up, the figure of 
22 t. (21.65 Engl. tons) had already been 
considered. 

This is a special question, and we will 
adhere to the figure of 20 t., it being 
understood that, on certain large rail- 
ways a higher figure may be assumed 
in order to make ample provision for 
the future, just as in the same way a 
lower figure may be assumed for lines 
of small traffic. It would scarcely be 
justified and certainly not economical 
to have a single type of sleeper for all 
lines and for all traffic. 


2. Ont-of-balance of the azles. 


A defective state of the rolling stock 
may result in the axles, some of which 
will thus weigh more than 20 t. (19.7 
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Engl. tons), being out balance. ~ This 
out-of-balance, however, rarely attains 
a considerable importance, and if the in- 
crease to be made on this account is 
estimated at 2 t. (1.97 Engl. tons) say 
10 %, we shall only have disregarded 
accidental occurrences of a very excep- 
tional nature. 


ee Lilt) On Cant. 


It may happen also that one wheel is 
loaded more than the other wheel of the 
same axle. This is particularly a regu- 
lar occurrence in curves, when the two 
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lines of rails are only loaded equally for 
a definite speed. An elementary calcu- 
lation shows that the increase due to 
this fact may attain 15 %. 


4, Solidarity of the sleepers, 


On the other hand, it must be borne 


in mind that this weight is not carried 
by one sleeper alone. Even if the axle 
is exactly vertically above a sleeper, a 
portion of the load is transmitted to 
the neighbouring sleepers. 

We shall attempt to determine this dis- 
tribution. 


In the first place, let it be supposed 
that the arrangement of loads shown 
above is obtained. 

Let p, be the reaction of the peptnd 
on the ‘loaded sleeper, y, the distance 
which the ground is depressed, which 
distance as a first approximation we 
shall suppose to be uniform under the 


sleeper (1), and p,, y,, the similar quan-. 


tities corresponding to the neighbouring 
sleeper. 

-If we assume that the reaction of the 
ground is proportional to the depression, 
we shall have : 


pi=Kys 

= Kye 
Pat pe=P 

K=ks 


- (1) This hypothesis is unfavourable, the ac- 
tual depressions under the rail being larger 
than those that would correspond to a uniform 
sinking of the sleeper. — 


where k_is the coefficient of elasticity 
of the. ground, S is the bearing surface of 
the half sleeper, and P is the weight of 
one wheel. _ 

‘The portion AB of the rail may be 
considered as a beam supported at both 
ends and loaded in the centre with the 
load p,, whence, by a well known for- 
mula, we have: 
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E being the coefficient of elasticity of 
the rail, I its moment of inertia and / 
the distance between the sleepers. We 
get: 


Ley ee ae 


= (e 
Piss Pa = KPa 
1 
Pp2=P ae Ki 
24EI 


It will be seen that p, increases and 


1g : pees | 
approaches 5-as K becomes smaller, as 
the sleepers are closer together and as 
the rail becomes more rigid, which is 
quite obvious, 
k= 4 
ee ee Oi (0) 


Let us see what is the order of ma- 
ks 

24 KI 
Taking the kilogramme and the centi- 
metre as units, let us assume that : 


gnitude of the correction term 


: = 10 extreme values. 


S = 45 «x 140 = 6 300 extreme values, 


ee 
E = 2 000 000 
I = | 620 [46 kgr. (92.7 1b. per yard) stand.] I = 1009 [36 kgr (72 6 1b. per yard) stand. } 


4 x< 1400 x 755. 1 
ini $$ — 0.13 9 = P—— = abo t0:5-P, 
Munn 24 <x 2000 000 x 1 620 Sie Se PT i 
1 6 300 x 753 ] 
maximum ves las =) 52 p2=P = about 0.6 P. 


24 x 2 000 000 x 1 009 


If the arrangement of loads shown be- 
low is considered, a calculation similar 
to, but more complicated than, that gi- 


2.52 


ven above shows that in the most favour- 
able cases the sleeper hardly carries 
more than 1/3 of the load vertically 


p ie 
re a. PE | a ae 


Fig. -2. 


above it, but that on the contrary, in 
unfavourable cases it may be relieved of 
only about 1/4 of this load. 

An extreme assumption is that which 
consists in considering the rail in the 
portion concerned as a beam having its 
ends free at A and B. 

Using the notation given in the fig- 
ure, we have : 


pi + 2p2 = P 
pa=—Ky, 
Po = Kye 
P ee 
f=m—ye2 = ( ga Var 
Whence : 
] 


Ks 


See 
135 


Pa 


In favourable cases: rigid rail, de- 
formable ground, small distance between 
the sleepers, the load is distributed al- 


most evenly between the three sleepers, 

while in the numerically unfavourable 

case considered above, we have practic- 
ally : 

ies 

p= % 


that is to say, the sleeper carries about 


3/4 of the load vertically above it, 

It should be noted, moreover, that the 
rails are generally more rigid as the 
loads are heavier and the traffic more 
intense, so that the most unfavourable 
conditions are not obtained. 

It may be assumed therefore that the 
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load actually carried by the sleeper is 
generally less than 3/4 of the maximum 
axle weight to be considered. Reverting 
to the assumptions made above, we 
should thus have : 


LOrtee Cle Os Os O85) e070 e— about Ot 
(8.86 Engl. tons). 


We have also to consider, however, 
that the sleepers are not always levelled 
in a very perfect manner, and that irre- 
gular subsidence of the ground may be 
produced and appreciably modify the 
assumptions on which the preceding cal- 
culation is based. Also, in order only to 
eliminate sufficiently rare cases, it would 
appear prudent to assume that the maxi- 
mum effort transmitted by the wheel of 
a 20-t. axle may be 10 t. 

Conditions will obviously be better if 
the track is kept in good repair, and if 
the ground is good and, on the contrary, 
they will be more uncertain if the track 
is badly adjusted and the ground is un- 
stable. Conditions will also be better for 
the sleepers if the rails are rigid and 
the sleepers are close together. 


5. Shocks, 


In a length of the rail, there are as a 
matter of principle, no shocks but only 
rapidly varying stresses. In the pre- 
sence of stresses of this type, the defor- 
mations, which only assume their equi- 
librium value at the end of a finite inter- 
val of time, have not the time to assume 
this value and the material possesses an 
apparent coefficient of elasticity greater 
than its true coefficient of elasticity. 
This is a phenomenon which scarcely 
lends itself to mathematical treatment, 
but which should not apparently be un- 
favourable to the sleeper, an increase in 
the rigidity of the rail tending to reduce 
the loads which it transmits, and an in- 
crease in the rigidity of the ground be- 
ing on the whole rather favourable to 
the sleeper. 

- There may be a veritable shock in the 
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case where the wheel has a flattened 
portion. This is an occurrence to which 
is due always a rather large number 
of fractured rails. Moreover, it is fairly 
rare and it does not appear necessary to 
provide for this contingency systematic- 
ally. 

At the joint, on the contrary, shocks 
are produced systematically, but it 
should be noted that they are only pro- 
duced when the axle is not over a sleep- 
er, unless the joint is supported. If the 
sleepers adjacent to the joint are closer 
together, the shock may be greater but 
the distribution of pressure is also bet- 
ter. The most unfavourable arrange- 
ment is that in which the facing rail is 
supported by the sleeper very close to 
the end of the rail. 

The use of a thick sole plate, keeping 
the attachment well tightened up and 
tamping of the sleeper should obviate 
all unfortunate consequences of shock at 
the joint. 

Moreover, if the joint should actually 
fatigue the sleepers near it, it would be 
better to study the improvement of the 
joint rather than make all the sleepers 
of dimensions which would only be ne- 
cessary for a small number of them. 


6. Dynamic ef/ects. 


An increase in the vertical stresses is 
also caused by the reciprocating parts 
of the engines and the rolling and lurch- 
ing of the engines, Their calculation is 
difficult, but as far as may be judged, 
this increase would appear to be consi- 
derable, and is undoubtedly one of the 
causes which necessitates the adoption 
of a considerable factor of safety, even 
after careful calculation. 


Calculation of a sleeper. 


The essential factor to be borne in 
mind in connection with the calculation 
of a sleeper, is that the ground on which 
it rests is deformable. The ground, under 
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the effect of the pressures transmitted to 
it by the sleeper, deforms elastically up 
to a certain value of the pressure, and 
permanently beyond that value. 

We shall consider first af all what 
takes places in the elastic period. 


a) &lastic period. 


It is generally assumed that in this 
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period the reaction of the ground is a 
linear function of the depression. The 
deformation ‘of the sleeper is then given 
by the equation of the 4th order : 


the solution of which is of the form : 


y == [% (A cos ax + B sin ax) + 1%” (C cos ax + D sin ax) 


The calculations are most tedious and 
lead to rather clumsy formule. 


The problem has been attacked in a 
general manner by several writers and 
was taken up again recently as regards 
the calculation of ferro-concrete sleepers 
by Mr. Dino Levi de Veali in a very re- 
markable paper published in the Febru- 
ary 1929 number of the Bulletin of the 
International Railway Congress Associa- 
tion. . 

Since, however, the accuracy to which 
claim be laid-is not very great for rea- 
sons which will be understood and 
which will be referred to later, we pre- 
fer more particularly to employ in place 
of the analytical method a graphical 
method of false position, the use of 
which is obviously not very accurate but 
which is less tedious, however, and pos- 
sesses the avantage that it provides at 
once deformation curves. By way of 
indication merely, the full analytical so- 
lution of two special cases is given in 
the appendix. 

Plate I below shows the bending mo- 
ments and the deformation. curves of a 
sleeper Jaid on an elastic ground. The 
numerical data correspond to the ordin- 
ary timber sleeper 2.40 m. (7 ft. 10 1/2 
in.) long and 0.24 m. (9 7/16 inches) 
wide. 


The first two figures correspond to 


the even distribution of the reactions of 
the ground, that is to say on an infinitely 
soft ground. The curve of the moments 
would be the same, and the deformation 


beyond by a horizontal line. 


curve would have the same shape on al- 
most the same scale for an extremely 
rigid sleeper resting on any ground 
whatsoever. 

The other figures correspond to the 
case of ground having a coefficient of 
elasticity of 4 kgr. cm./cm? or of 10 kgr, 
cm./cm2, extreme cases in practice ac- 
cording to Mr. de Veali. 

It will be seen that the harder the 
ground (or what amounts to the same 
thing, the more flexible the sleeper) the 
greater the deviation of the results from 
those which would correspond to an 
even distribution of the reactions of the 
ground, itself corresponding to a sleeper 
of very great rigidity or to very ceform- 
able ground. : 

It will also be seen that for a timber 
sleeper 2.40 m. (7 ft. 10 1/2-in.) long, 
the bending moment opposite the rail is 
a little greater than that which would 
correspond to a more rigid sleeper, but 
that, on the contrary, it is appreciably 
lower in the centre of the sleeper. 

These results may be expressed as a 
function of the length of the sleeper by 
the curves shown below (fig. 4), where 
the form of the curves of Mr. de Veali 
will be seen again. If extended to the 
right, these curves would allow of a ho- 
rizontal tangent corresponding to the 
critical length, and would be continued 
The more 
rigid the sleeper, or the more deform- 
able the ground, the nearer is the curve 
corresponding to even distribution ap- 
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2.60 %8o 3.00 


Fig. 4. 
Abscissa : Length of sleeper. 


Ordinate: Moments in kilogrammetres 
for ] t. per wheel. 


Mr = Moment opposite the rail. 
Mo = Moment in the centre. 
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proached. This result is translated in 
the calculations by the form of the term: 


4 k 
pale 


4EI 
which is introduced at the commence- 
ment of integration (see the appended 
notes). 


b) Period of permanent deformations. 


We shall not lay any more stress on 
the results relating to the elastic period, 
which only have the value of an indi- 
cation. 
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The period of elastic deformations is 
in fact limited to a fairly short period 
after the sleeper has been laid. 

The ground-is a pulverulent mass, 
passing alternately through states of dry- 
ness and moistness, and subjected in ad- 
dition to vibrations, The ground re- 
ceives pressures of several kilogrammes 
per cm? repeated a very large number 
of times and transmitted by the sleepers. 
It would appear quite inevitable that this 
ground will ultimately be deformed more 
in the zones of more intense pressure 
and less in the zones of less intense 
pressure. 

This is a fact of experience ; the sleep- 
ers « sink » at their ends and rise in the 
centre. This is an important fact which 
must be insisted upon in the calculation 
of sleepers and it is so true that the 
ordinary prism-shaped  ferro-concrete 
sleepers, which ought to « hold » accord- 
ing to calculations relating to the elastic 
period, do not in fact hold, and crack 
at the end of a certain length of time 
after they have been placed in position, 
unless the precaution is taken to remove 
the tamping in the middle. 

The question is therefore of para- 
mount importance, and deserves a de- 
tailed study. In a treatise on construc- 
tion, we find the following resistances 
admitted for different kinds of grounds, 
or if preferred, the pressures on these 
grounds which ought not to be exceeded 
in practice : 

1. Mud and soft clay, 
(7.1 Ib. per sq. inch). 

2. Open earth, sandy clay, 2 to 3 kgr. 
(28.4 to 42.6 Ib. per sq. inch). 


3. Sand and old gravel, compact clay, 
3 to 6 kgr. (42.6 to 85.2 Ib. per sq. inch), 


4. Resistant ground, > 6 kgr. (85.2 Ib. 
per sq. inch). 
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These are merely orders of magnitude, 
the resistance of ground depending 
chiefly upon its state of moistness, and 
they are also figures which apply only 
to static and permanent pressures: (foun- 
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dations) and which are obviously too 
high for repeated stresses. 


A sleeper 0.24 m. (9 7/16 inches) wide, 
tamped for 0.35 m. (1 ft. 1 3/4 in.) on 
each side of the rail axis, and loaded 
with 17 t. (16.7 Engl. tons) transmits 
through its lower face to the ground a 
mean pressure of 5 ker. per cm? (71.1 Ib. 
per sq. inch); a sleeper 0.30 m.(11 13/16 
inches) wide and 2.40 m. (7 ft. 10 1/2 
in.) long, even if it rests on the ground 
over the whole of its surface, still trans- 
mits mean pressures of nearly 3 kegr. 
(42.6 lb. per sq. inch) if it is loaded with 
DURE Clos, Luo LOns)e 

When we consider that the problem 
concerns ground which may be soaked 
and washed by rain, and when we con- 
sider once again that frequently repeat- 
ed stresses are involved, we find that, 
apart from very good kinds of ground, 
these mean pressures are of an order 
amply sufficient to bring about perma- 
nent deformation. 

Moreover, the resistance, or more ex- 
actly the limit of elasticity of ground 
would appear to depend essentially upon 
the shape and the extent of the surface 
which it supports. It will be understood 
that an indefinite surface would produce 
in all cases practically elastic deforma- 
tions alone, while a very small surface 
penetrates and produces a permanent 
deformation in a mass without cohesion, 
and in this respect, the bearing surface 
of a sleeper of ordinary dimensions is 
a very narrow surface, 

Referring to the deformation curves 
of plate I, it will be seen that the sleeper 
2.40 m. (7 ft. 10 1/2 in.) long, especially 
if it is not very rigid or if it is resting 
on ground which is not very deformable, 
will exert on the ground a very much 
greater pressure than the mean pressure 
near the ends, and less than this mean 
pressure near the centre. The sleeper 
will tend to settle or sink near the ends 
(fig. 5). The sleeper will not stop sink- 
ing until the reaction of the ground is 


‘uniform under the loaded sleeper, the 


deformation curve of which will then be 
similar to the profile of the ground (dot- 
ted line). 
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This would at least be the case if the 
pressures involved were static or slowly 
applied, but once the ground has been 
deformed, the sleeper comes « loose » 
when the load is no longer applied, and 
is caused to strike against the ground 
each time the load is applied, resulting 
in a « pile-driving » effect which tends 
to increase the sinking of the sleeper. 

The reactions of the ground are no 
longer uniform, they become a maximum 
in the zones where, during the elastic 
period, they were a minimum. 

A state of equilibrium may be set up, 
or rather a sort of ultimate state, the 
sleeper continuing to sink, partly due to 
its striking the ground, near its ends, 
and partly due to static pressure near 
its centre, at least until a sort of refusal 
is obtained, if such is possible. 

During the whole of this period, how- 
ever, there is deformation and fatigue 
of the sleeper, greater, at least in certain 
points [greater in the centre for the 
sleeper 2.40 m. (7 ft. 10 1/2 in.) long] 
than those corresponding to an even dis- 
iribution of pressure, and greater a for- 
tiori than those corresponding to the 
elastic period. 

It is easy to see that, under these con- 
ditions, certain types of solid section, 
prism-shaped sleepers at present in use, 
despite a very great weight of fittings, 
contain steel loaded in the neighbour- 
hood of its elastic limit, if not above it, 
which results in the cracking of the 
ferro-concrete. 

As regards timber, there is no elastic 
limit to be taken into consideration, but 
only an ultimate strength. It is easy to 
see that under the same conditions, the 
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timber sleeper resists with a safety fac- 
tor of the order of 2, 

Timber is therefore adapted to the 
ordinary dimensions of sleepers, but 
ferro-concrete, a substantially different 
material, does not so adapt itself. 

On the other hand, ferro-concrete pos- 
sesses resources which timber does not 
possess, and which may be used in tak- 
ing into account the indications of the 
study which has just been made (1), 


The rational ferro-concrete sleeper. 


It follows from what has gone before 
that, above all, it is essential to see that 
the sleeper does not settle or sink, as far 
as it is possible to do so. 

The preceding study provides us with 
indications of several means : 


1. Sinking of the sleeper, as we have 
seen, is a result of the inequality of the 
pressures exerted on the ground by the 
sleeper during the elastic period. A very 
rigid and thick sleeper, having a large 
moment of inertia is, in this respect, in 
more favourable conditions than a sleep- 
er which is more deformable, the press- 
ures transmitted to the ground by the 
sleeper being more even, the greater the 
rigidity of the sleeper. 

2. If, on the other hand, we consider 
the deformation curves of sleepers of 
different lengths, assuming the reactions 
of the ground to be uniform, we see 
(plate II) that the length ordinarily ad- 
mitted of 2.40 m. (7 ft. 10 1/2 in.) is a 
long way from being the most favourable 


(1) It is curious to remark that, in his 
study, Mr. de Veali, has omitted, by assump- 
tion, sleepers wider tham 0.30 m. (11 13/16 
inches), thicker than 0.16 m, (6 5/16 inches) 
and hollow sleepers, which include just the 
type we are suggesting, and in this way has 
decided against prism-shaped sleepers. 

No other conclusion could be arrived at from 
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the standpoint ‘adopted by Mr. de Veaii, the 


only possible solution being thus eliminated 
a priori. 


and that a sleeper 2.76 m. (8 ft. 10 5/16. 


in.) long, other things being equal, pro-- 


vides a much more uniform distribution 
of the depression, a depth of depression 
smaller by 2/3 and consequently less 
tendency to settling or sinking of the 
sleeper. 

3. This tendency to sinking will be 
reduced still further by increasing the 
bearing surface of the sleeper, in the 
first place because the mean pressure 
exerted on the ground will thus be re- 
duced. 

The initial conditions are rather hea- 
vier as regards the bending moment op- 
posite the rail, but at the same time a 
guarantee is obtained that these condi- 
tions will not be aggravated subsequent- 
ly and that they will still be more fa- 
vourable than they would have been in 
the case of settling or sinking of the 
sleeper. 

In addition, advantages are gained as 
regards both the behaviour of the track 
and the maintenance expenses, on which 
it is superfluous to insist. 

Moreover, attention should be drawn 
to the fact that this increase in the bear- 
ing surface, involving less subsidence of 
the sleeper, is able to reduce consider- 
ably rail fatigue and the risk of frac- 
tures, the stresses developed in the rails 
by the passage of the axles being given 
by an expression in which the coefficient 
of compressibility of the ground is-a de- 
nominator. 


Conclusions. 


It thus becomes possible to calculate 
with some semblance of certainty, the 
stresses to which our type of sleeper is 
subjected, 

It may merely be added that, as we 
have seen, retaining the most unfavour- 
able and the most prudent hypotheses, 
the dimensions of our sleeper have been 
fixed so that it will be able to resist 
siresses double those which have ultima- 
tely been arrived at; without the steel: 
members exceeding their elastic. limit. 


So 
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In fact, in order to allow for the dyna- 
mic stresses which we have discussed 
and which are difficult to calculate; to 
allow also for several defects in manu- 
facture, always possible, and finally to 
allow for the inevitable inaccuracy of 
the hypotheses, it is necessary to have 
a safety factor of this order of magni- 
tude. 


This factor of safety is similar to that 
for a timber sleeper and as far as we 
know, is not reached by far by any 
other ferro-concrete sleeper of prismatic 
shape. 

It has been possible to construct it 
economically, thanks to an entirely new 
and well-designed shape, and by making 
the best use of the material. 


APPENDED NOTE. 


A beam resting on an elastic ground. 


Analytical theory. 


Let a beam of length 2/ be loaded in 
the centre by a weight P and rest on 


Lille 


St 
DY waa! Lees 


ground the reaction of which is assum- 
ed to be proportional to the depression 
at the point considered. 

Origin of the abscisse at the centre of 
the beam, the position of the axes being 


as shown opposite, downward forces po- 
sitive. 

Shearing stress in the section AB = 
resultant of the forces applied to the 
length on the right of AB. 

Bending moment AB = moment of the 
forces applied on the right of AB, posi- 
tive direction shown in the figure. 

Reaction of the ground on a length 
dx of the beam = pdx with 

p=—ky k>o 

In these conditions, we have the known 

equations : 


dzy ol y 
= — Nn. = EI —— 
ax? EI asx 2 
See 15 
pb oo seg ye 
dx dx nae 
‘ Rathi en = 
iT jap 
a gee eS 
dx : dx* 


The deformed fibre is therefore de- 
fined by the differential equation of the 
4th order: 


dy A 
dx4 EL 
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The solution of this equation is of the form ; 


y = 14*TA cos ax + B sin ax] 4.J--@ [C cos ax a D sin ax} 
And we have in fact: 


d : 
= = a[l7”(A cos ax + B sin ax — A sin ae + B cos ax) 


+ 1-*«(— C cos ax — D sin ax — C sin axe + D cos ax)] Rte 


3 
= a*[l’4(— 2A sin ax + 2B cos ax) + 1-7*(2C sin ax — 2D cos ax)] 


3 
——_ aS[L2e(— 2A sin ax + 2B cos ax — 2A cos ax — 2B sin ax) 
+1 Be: ~2C sin ax sap 2D cos ax + 20 COs ax + | a sin 2x) 


d4 
=e as[lxe(— 4A cos ax — 4B sin a + I -2( — ae cos ax — 4D sin ax)]| 


ds ak 
aS 
= : Re = ~ c 
The limit conditions are : For x = 0, that is ‘0 say, inthe centre © 
nis aR of the beam, week 
jo d= 8b smnety ee Bs oo ch® s 20, 
ale Rene Joe aa “FOU NAT-EsinTat 
(2 a as ti 29S. and swe-_fing at once | that. 
>0 at] 
cant dy ued ! (3) ol =0 
Siete: han Et 
wows He Dt Gis pie ite j 


After the necessary e 


1729 


Ifa is small, and confining ourselves to the first terms of the development, we get 


; Biss © [ 2a4l4 
eee OR Ten| tal. 

Criticai length. — The hypotheses 
made would assume that the beam is 
drawn downwards in the points where 
it is raised above its equilibrium posi- 
tion. Actually, this is not so at all, and 
the equations are no longer valid unless 
the beam becomes « loose ». This oc- 
curs at the end of the beam when y = 0 
for x = I, that is to say for: 


COS10=0 Sore al — 


wl g 


The equations are therefore only valid 
or beams such that 


<<. 


a 


For a timber sleeper 0.20 m. (7 7/8 
inches) wide, 0.14 m. (5 1/2 inches) 
thick, placed on resistant ground k = 10, 
this critical length is 
1 = 0.70 (2 ft. 3 1/2 in.) approximately. 


The moment at the centre of the beam 


is 
P (ch 2al — cos 2al 
4alsh 2al — sin 2al 
AE Whee - critical length, we have, 
lo 


since the quantity inside the brackets 
only differs slightly from 1. 
ea Pl By Pea = 
No =— a5 ~~ 6.98 = neal y5(— i 
when the moment corresponding to the 
even distribution of the reactions is 
Pl 
et 
For the same value of / the maximum 
reaction at the centre of the beam is: 


P [eh 2al + cos 2al + 2 
Foie 7k sh 2al + sin 2al 


Pw 
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oe 
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Pi ape 
which is a known result. 


the pressure exerted on the ground by 
the beam in its centre is equal to 1.6 
times the mean pressure. 


* is * 
In the case in which the beam is load- 


ed at iis two ends by a weight P, we 
have as limiting conditions : 


Oyen 
p= (6) dean 
Leo 
t= 
ety) Iu (2) 
jeg 


Z, =f 
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Calculations similar to those made in 
the first case lead to the following coef- 
ficients : 


1 ch al cos al 
2Hla3 sh 2al + sin 2al 
A shal — sin al 
~ 28]a3 sh 2al + sin al 
C= Seuss ch al cos al 
2EIa3 sh 2al + sin 2al 
P sh al — sin al 
~ 2EIa3 sh 2al + sin al 


A= 


The beam comes away from the ground 
in its centre (« = 0) for a critical length 


Des 


For this length, the reaction at 


the centre is zero and the bending mo- 
ment at the centre is almost half of what 
it is in the case of the even distribution 
of pressures. 
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Final summaries adopted at the eleventh Session, 
Madrid (May 1980). 


SECTION I. — Way and works. 


I. — The use of concrete and reinforced 
concrete on railways. 


A) Investigation into the respective me- 
rits of the different designs of concrete 
sleeper. 


B) Concrete and reinforced concrete 
buildings. 


SUMMARY. 


Part A. — Considerable progress has 
been made in concrete sleeper design. 
The detail of rail support and fastenings 
and the suppression of centre ballast have 
been given particular study. The recent 
installations provide resiliency at the rail 
support, and at the same time seem to 
secure electrical insulation between the 
rails. The suppression of centre ballast- 
ing and elimination of centre solid por- 
tion of sleeper have reduced the weight 
as well as the cost and also produced a 
sleeper better able to withstand shock and 
vibration. 

The present status of this very impor- 
tant question appears very encouraging 
but the problem is by no means solved. 
Experiments and study should be dili- 
gently continued, taking into account the 
prime cost, so that we may hope to be 
nearer the final solution at our next ses- 
sion. 

It is advisable to undertake systematic 
tests in the laboratory to investigate the 


resistance of concrete to dynamic repeat-_ 


ed stresses by varying the nature and size 
of the aggregate and its cleanliness. 


Part B. — The subject of improve- 
ments in methods of concrete making, 
better cements and aggregates and better 
teinforcement is of vital importance in 
fhe general need for stronger and more 
durable concrete. These should be given 
further study as well as the methods of 
more accurate proportioning by control 
of the water-cement ratio in order to ad- 
vance the general knowledge of this very 
important building material. 

It will be of interest to follow up more 
closely the question of super-cement and 
other cements of a special nature. 

Investigation should also be made into 
the precautions necessary for avoiding 
attacks on the concrete and the oxidation 
of the steel in constructions in the neigh- 
hourhood of the sea or which are exposed 
to chemical action. 

As regards rail-carrying bridges it 
would be advisable to place these under 
systematic observation with a view to ob- 
taining sufficiently conclusive details on — 
the manner in which such constructicns 
behave in use and more especially under 
dynamic stress. 

It is also recommended, in the case of 
constructions of a certain magnitude, that 
experiments in the construction-room 
shall be increased so as to verify the con- 
stancy of the quality of the concrete. 


II. — Resistance of rails against breakage 
and to wear. 


A) First causes of rail breakage; mea- 
sures taken to reduce the number of 
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breakages, both as regards the way rails 
are used and the conditions of inspec- 
tion. 


B) Quality of metal used for rails to 
give normal wear. Conditions governing 
manufacture and inspection. 

Rails: profile and quality, length, 
weight, and cross section of the rails. 


C) Rails joints. The most economical 
and efficient design. 


SUMMARY. 


The various observations and recom- 
mendations relative to Question II (Resis- 
tance of rails to breakage and to wear) 
may be summarised as follows : 


1. It is desirable to continue the pub- 
lication of data relative to rail breakages 
under the conditions laid down at the 
London Congress, the tables, however, 
being slightly modified. 


2. It is highly desirable to continue 
the observation and study of rail break- 
ages, and it is recommended that this 
should be done in collaboration with me- 
tallurgical engineers. 


3. It is desirable that the precautions 
indicated below should be observed in the 
manufacture of rails : 


a) dose the steel in such a way as to 
avoid blow-holes ; 

b) forbid the use of steel scrap at the 
bottom of the ingot moulds; 

c) avoid splashes when pouring; 

d) not to roll ingots too hot; 

€) not to force the speed when bloom- 
ing, so as to avoid the formation of 
cracks; 

f) discard from the ingots the part 
affected by piping and segregation; 

g) terminate rolling at a temperature 


as near as possible to that of the critical 
point; 
A) establish and maintain the profile 
of the grooves on the rolls with accuracy; 
i) reduce to a minimum the cold 
straightening of rails, so as to diminish 
the stresses resulting therefrom. 


4, It.is recommended that the follow- 
ing should be developed : 


a) macrographic tests so that the ho- 
mogeneity of the cross section may be 
examined. In their present form, these 
tests can be used for elimination purpo- 
ses 7. e. for the elimination of rails which 
are not uniform throughout; 

b) elasticity tests for determining the 
degree of fragility of the metal. These 
tests, in their present form, do not enable 
fragile rails to be rejected, but they are 
already sufficient to serve as a basis’ for 
the granting of quality premiums. It 
would be an advantage if research could 
be continued in order to perfect a fra- 
gility test applicable to the whole cross 
section of the rail; 

c) laboratory research and tests relative 
to the endurance of rails, i. e. to their 
resistance to repeated stresses; 

d) research and experiments relative to 
the stresses which develop in rails under 
passing wheels. 


5. The following precautions are re- 


commended when laying rails : 


a) To utilise rails obtained from the 
head of ingots in those parts of the line 
which are least heavily stressed; 

b) to load and unload rails by mechan- 
ical means; Rae 

c) to inspect the rails in situ, at least 


once a year, on lines where traffic is: in- 
"tense. ‘It is desirable to perfect applian- 


ces for detecting internal defects in rails 


{733 
213 


whilst in service (Sperry detector, Suzuky 
defectoscope) ; 

d) to use rails which have received 
suitable heat treatment on sections of 
line where the rails are subjected to ex- 
ceptional stresses, to skidding and to re- 
peated braking, as rails so treated resist 
the propagation of superficial fissures 
(cracks in the running surface) better 
than rails which have not been treated. 


6. The length of rails (of medium 
weight) can, without inconvenience, be 
increased to 24 m. (78 ft. 9 in.), and re- 
search and tests should be continued 
with a view to increasing the length be- 
yond 24 metres (if necessary by means of 
aluminothermic welding), particularly at 
special points of the line where the ef- 
fects of expansion are less to be feared. 


7. With a view to reducing normal 
wear in rails, it appears desirable to give 
the running surface, when new, the aver- 
age cross section which it tends to assume 
in service. 


8. With a view to reducing lateral wear 
cn curves, appliances for lubricating the 
lateral faces of the head of the rail and 
of the wheel tyre which come into contact 
during running on curves, should he 
perfected and developed, or special or 
heat treated steel rails should be used. 


9. With a view to reducing wear through 
bammerings at gaps in points and cross- 
ings, it is recommended that use should 
be made, in the details or such equip- 
ment, of manganese or nickel-chrome 
steel. 


40. With a view to remedying wear due 
to rusting, it is recommended that a rein- 
forced cross section be adopted. The 
tests with steel containing an admixture 
(0.3 %) of copper should be continued. 


11. It is desirable that all railways 
should continue and develop the compa- 
rative tests of rail joints suggested by 
the London Congress, and that they 
should extend these tests to the follow- 
ing two new types of joint : 


— head-free fish-plate; 
— chevron fish-plate. 


12. It is recommended that each admi- 
nistration should keep statistics relative 
to the breakage of the different types of 
fish-plates used in the comparative tests. 


IlJ. — Investigation into the static 
and dynamic stresses in railway bridges. 


SUMMARY. 


1. It is desirable that the railway com- 
panies should continue experiments and 
the study of secondary stresses, with a 
view to furnishing supplementary infor- 
mation on the occasion of another Rail- 
way Congress. 


2. The advantages of eventually estab- 
lishing and adopting a definite formula 
for the impact allowance in terms of the 
span in feet are that it would assist 
ereatly in the standardisation of bridge: 
work. 


3. Care should be taken that the treads 
of the wheel tyres are regular — flats 
capable of serious damage should be 
avoided. 


4, Particular care should be paid to. 
the upkeep of the track on the bridge 
floor and at the approaches. 

Care should be taken that the joints of 
the rails are kept in order — if possible: 
they should be placed off the bridge, at 
all events as close as possible to the sup-- 
ports. The trials of welding the joints 
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on bridges will be followed with inter- 
est, this measure, if successful, being ex- 
tremely favourable to the reduction of 
impact. 

It is also advisable to strengthen the 
sections of the track at the approaches to 
bridges, so as to avoid rapid variations 
of the equilibrium of the locomotive on 
its springs, 


d. The influence of the excess counter- 
balance weights of locomotives should be 
diminished by distributing the weights 
between groups of three adjaceni coupled 
axles. 


IV. — Recent improvements in permanent 
way. tools, and in the scientific organi- 
sation of maintenance work. 


SUMMARY. 


1. The track work which is usually 
done with special equipment (apart from 
the use of small tools like jacks, poney- 
cars, etc.) are: 


a) Unloading the ballast by means of 
special wagons; 
’ b) Tamping the ballast by means of 
pneumatic or electric tampers; 

c) Weeding the ballast by chemical 
mieans. 


2. Track work for which mechanical 
tools deserve to be considered are : 


a) Unloading rails and re-loading rails 
and permanent way material 

b) The mechanical compression of the 
bottom ballast; 

c) Laying of complete sections of 
track; 

d) Oiling the running side of rails on 
curves; 

e) Driving coach screws and possibly 
ieutaning fishplate bolt nuts mechanic- 
ally. 


3. Apart from cranes which are usually 
driven by a steam engine or Diesel or in- 
ternal cormbustion motor, both pneumatic 
and electric machines meet all needs. 


4. The economic advantages are in se- 
veral cases very appreciable and show 
savings of as much as 50 %. In order to 
get a satisfactory output from the ma- 
chines, it is necessary to regulate strictly 
their use by drawing up a programme of 
work. 


5. Apart from economy, the use of ma- 
chines can lead to other advantages such 
as better work, less fatigue for the work- 
men, work carried out in shorter time, 
and the possibility of making up for a 
shortage of labour. 


6. In the organisation for maintaining 
the track, several innovations have been 
introduced with a view to economy. The 
chief innovations are: the extension of 
maintenance by general revision; reduc- 
ing the strength of the gangs in winter; 
increasing the area covered by the gangs; 
the employment of auto-cars for trans- 
porting men, stores, and mechanical tool 
equipment. 


7. The length of the road to be main- 
tained by a brigade and the strength of 
the brigades differ within wide limits. 

‘A rational basis for determining the 
number of men required for maintenance 
is the length of equivalent track, which is 
to be caleulated by means of formule. 

It is necessary to introduce into these 
formule all the factors bearing on the 
maintenance, giving them their appro- 
priate coefficients. 


8. Maintenance by general revision is 
to be recommended, not only as an econ- 
omic measure, but also in order to have 
an effective control of the personnel en- 
trusted with the maintenance of the road. 
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9. There are only a very few Adminis- 
trations who have certain work carried 
out by their personnel by piece work, or 
who grant premiums for the execution 
of certain work within a fixed period. 
Nevertheless, this practice deserves at- 
tention, as much from the economic point 
of view as in the interest of the work- 
men, the fear that the quality of the 
work will suffer, not being justified. 


10. The 8-hour day (48 hours per week) 
or a period which does not materially 
depart therefrom is fairly general. Often 
in summer the day is longer, but in win- 
ter shorter, than the normal day. 


41. Generally the working time begins 
to count from the moment when the 
workman arrives at the designated spot, 
either the gang depot or a station, or the 
place where the work has to be done. 


12. The use of auto-cars to take men 
to their work is not very general, and is 
only indicated where work is started ha- 
bitually at a place other than at which 
the men are concentrated. 


13. In order to increase the life of the 
materials used, the following measures 
should be adopted: heavy rails, special 
steels for rails and points, hard wood 
sleepers, heavy base plates, broken hard 
stone for ballast, increasing the number 
of sleepers, lubricating the fish-plates 
and the running side of the rails on cur- 
ves, repairing worn parts and subse- 
quently using them again. 


14. The use of graphs shewing the pro- 
gress of all works, with the indication of 
the economic results obtained is not very 
general. These graphs should be used 
increasingly, but they should be of the 
simplest possible form. 


SECTION II. — Locomotives and rolling stock. 


V. — Locomotives of new types; in parti- 
cular, turbine locomotives and internal 
combustion motor locomotives. 


Construction, efficiency, use and re- 
pair. 


SUMMARY. 


The Congress recommends to the Rail- 
way Companies and Administrations pre- 
sent : 


1. To encourage efforts to create new 
types of locomotives and to improve the 
current Stephenson type of locomotive by 
facilitating in particular the initiative of 
locomotive builders. 


2. To develop further in Ssuaoit the 


use of extra-high steam pressures and 
the internal combustion locomotive. 


3. To carry out methodically trials of 
locomotives of new types and different 
designs built by various makers and to 
publish the results of such trials syste- 
matically and as made. 


4. To co-operate with a view to the erec- 
tion of locomotive experimental stations: 
the international collaboration of such 
stations would facilitate progress in 
scientific locomotive design. 


VI. — Improvements in the steam 
locomotive. 


Increased pressures and higher super- 
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heats. Improvements in the design of 
superheaters and parts connected with 


superheating. Feed water heating and 
air preheating. Improvement of valve 
gears, 


SUMMARY. 


The Section decided that the above 
summary relating to question V would 
also apply to question VI, after being 
completed as follows with regard to steam 
reciprocating locomotive : 

Among the recent improvements which 
have taken place in steam locomotives of 
normal construction, special attention 
should be given to : 

a) Increase in the temperature of su- 
perheat, and 

b) The pre-heating of the feed water. 

Taking into account the numerous trials 
which have been carried out by many of 
the Railway Companies, and the exper- 
iences gained over many years, this Con- 
gress is of the opinion that : 

a) The temperature of superheat can, 
in practice, be taken to 400° C. (152°. F.), 
special attention being given to lubrica- 
tion and the method of steam distribu- 
tion; 

b) That there are in service methods 
for pre-heating of water which are giving 
satisfaction. 

The Congress recommends the adoption 
of these two improvements on account of 
the important economies which can be 
realised from them. 


VII. — Electric locomotives for main line 
traction. 


a) passenger locomotives; b) goods lo- 
comotives; c) locomotives for mountain- 
ous country. Multiple unit traction. 


SUMMARY. 
1. The Congress finds in the first place 


that the electric locomotive does not pre- 
sent the similarity of arrangement that 
the steam locomotive already had a few 
years after its invention and in which di- 
rection it has since continued. 


2. The different methods adopted for 
the transmission of power from the mo- 
tors to the wheels and for the arrange- 
ment of trucks, have in almost all cases 
given satisfaction. 


The Congress particularly recommends 
to the Railway Companies the carrying 
out of methodical trials, with a view to 
determining whether, at high speeds, elec- 
tric locomotives with motors suspended 
by the nose have a more injurious effect 
on the track than other types. 


As regards locomotives without coup- 
ling rods, and with motors completely 
suspended from the frame, the Congress 
recognises that, all other things being 
equal, one can adopt a heavier weight per 
axle than with locomotives in which cer- 
tain masses are reciprocating, not being 
completely balanced, — as is the case in 
fact with the majority of steam piston 
locomotives. 


3. From the electrical point of view, 
the Congress appreciates that as a result 
of the improvements in recent years, and 
having in view the arrangements which 
have been made to protect the staff 
against accidents, locomotives of differ- 
ent types give general satisfaction from 
this point of view of their functioning, 
and give perfect protection to the staff. 

Traction motors in particular at pre- 
sent give complete satisfaction as regards 
heating, power and commutation. 

However, the Congress calls attention 
of designers to certain details of con- 
struction such as the insulation of vari- 
ous parts of the motors, ete., with a view 
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to reducing damage which occurs from 
time to time. 

Consequently, the Congress trust that 
attention will still be given to these points 
with the object of developing new tech- 
nical methods of testing, which at the 
present time are being considered by se- 
veral international Associations. 


4. The Congress also notes that from 
the point of running and regularity of 
service, recently constructed electric loco- 
motives give satisfactory results. 

It requests the various Companies and 
Administrations to regularly and freely 
publish the results of operation on their 
electrified lines with a view to helping 
other Administrations in the study of 
new applications of electric traction. 


VIII. — All steel coaches. 
Comparison with vehicles built of wood. 


SUMMARY. 


1. In those countries in which the oper- 
ating conditions permit the construction 
of all-steel carriages, experience has 
shown that conditions of safety suffi- 
ciently justify the adoption of this con- 
struction for new work. 


2. To prevent excessive weight, it is de- 
sirable that the body should take part of 
the stresses. 

Coaches built on this principle are 
very little heavier than coaches with 
wooden bodies offering the same stan- 
dard of comfort. 


3. In this form of construction it is 
possible to combine rolled sections, bent 
and pressed flat plates, cast steel and mal- 
leable iron castings. ee 


In every way metal construction lends 
itself to the mass production of standar- 
dised parts. In order to lessen the weight 
of metal carriages, several administra- 
tions have carried out trials with high- 
resistance steels and light alloys. The 
Congress recommends that the study of 
the use of these metals should be con- 
tinued. 


4. Assembly can be done by means of 
rivetting, oxyacetylene welding, are or 
spot welding or by a combination of 
these methods. 


5. The interiors can be fitted out in 
the same way as wooden vehicles. They 
can however be given a distinctive ap- 
pearance if the metal plates are left vis- 
ible and the interior decorations treated 
accordingly. In most cases metal coaches 
can be fitted up so as to assure to the 
public a degree of comfort equal at least 
to that of the vehicles with wooden bo- 
dies. 


6. The methods of construction are still 
too varied and the vehicles on numerous 
railways have been put into service too 
recently to allow precise conclusions to 
be formed regarding the first cost of con- 
struction and the repair charges. Results 
so far obtained however have been encou- 
raging. 


7. Numerous experiments have still to 
be made both as to the choice of the 
methods of construction and the mater- 
ials to be used in fitting out the interior, 
such as heat insulation of the body sides, 
the floor covering, interior linings, break- 
age of glass, painting, and protection of 
plates against rust. 
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SECTION HI. 


— Working. 


IX. — Relations between railways 
and sea ports. 


Lay-out of maritime stations; arrange- 


ment of outer and inner basins so that 
the most efficient lay-out of sidings may 
be provided for working them; operating 
and rate fixing methods; loading and dis- 
charging appliances. 


SUMMARY, 


1. In principle, one harbour concen- 
tration yard is preferable. Nevertheless, 
several may be justified, as follows : 


a) Under certain geographical condi- 
tions; 


b) If the volume of traffic exceeds the 
capacity of a single concentration yard; 
c) When certain specific traffics are 


ensured by special trains entirely inde-. 


pendent of the general services, 


2. The stations should have separate 
groups of sidings and running lines for 
inwards and outwards traffics. 


3. The yard should be sufficiently large 
to take up the repercussions due to tem- 
porary cessation of traffic movements in 
either direction. 


4. The concentration yard may be used 
for shipping, local, and through railway 
traffics, so long as the limit of capacity 
of a single yard is not exceeded and the 
organisation of the maritime service does 
not suffer. 


5. The shunting may, with advantage, 
be concentrated in the harbour station, 
and the shunting at the quays limited to 


sorting to hatches and destination order 
when loading direct into ships, or to shed 
or warehouse bench order. 


6. Ample holding tracks should be pro- 
vided at the quays to ensure continuity 
of service at the ships or sheds. 


7. Wagons discharged at the quays 
should not be passed empty to the con- 
centration yard if they can be reloaded 
at quays to which they have ready access. 


8. Consignments for export should not 
be split up en route unless the traffic is 
passing in such volume that continuity 
of loading can be maintained. 


9: The lay-out of harbours, and parti- 
cularly the orientation of jetties and 
moles, should permit of the adoption of 
easy railway curves: for normal gauge, 
a curve of 120 metres (6 chains) radius 
is considered to be the minimum. It is 
desirable to increase this to 150 metres 
(7 1/2 chains) for tracks used by the 
larger locomotives of normal type. 

The figures relative to wide and nar- 
row gauges should be arranged according 
to the respective necessities. 


10. It is important not only that the 
quays be constructed of sufficient width 
in relation to the size of the dock, but 
also that sufficient space should be re 
served on the quays for the railway to 
lay down methodically its lines in order 
to allow such speed of movement to 
trucks as will meet the requirements of 
commerce. 

11. There should be at least three tracks 
alongside the quays with crossings at in- 
tervals in order to give the best working 
facilities. 


12. Switches should be used generally 
and are preferable to turntables or tra- 
versers for shunting purposes. 


15. At quays where road vehicles are 
largely used, quay tracks with grooved 
rails sunk to the ground level are con- 
venient, and this arrangement permits 
tow-motors to be used in place of ordin- 
ary locomotives for shunting duties. 


14, The capacity of quay cranes should 
not exceed the weight of the bulk of the 
articles to be lifted. Dual capacity cranes 
are economical and provide for occasional 
lifts that are heavier than normal. 

Cranes should be arranged to give free 
movement of wagons along the quays and 
to have sufficient reach to plumb the wa- 
gons on the quay lines and the further 
side of the ships’ hatches. 

Cranes of the luffing type have many 
advantages. 

High capacity floating cranes are con- 
sidered to be the most satisfactory means 
of handling heavy lifts. 

For loading and unloading wagons and 
sorting and storing traffic in sheds and 
warehouses, travelling bridge cranes fit- 
ted with revolving jibs which can be pro- 
jected through the shed sides over outside 

~ wagon tracks are efficient. 

The number of quay cranes per berth 
is considered to be as important a consi- 
deration as the determination of their ca- 
pacity. The number should not be less 
than the normal number of hatches in 
vessels regularly using the port. 


15. In order to hold to a port any spe- 
cific heavy traffic, it is indispensable that 
special accommodation be reserved for it, 
adequately provided with appropriate 
handling contrivances. 


46. In order to reduce the time wagons 
are detained, the prescriptions regulating 


the penalties for delay ought to be as 
stringent as permitted by operating and 
labour conditions, so as to constitute a 
safeguard against blocking up the har- 
bour and against immobilisation of the 
railway rolling stock. 


17. The organisation of the staff of 
the harbour, the railway and the customs 
is of the highest importance and ought 
to be such as to enable all services to 
work smoothly and rapidly. 

Finally, too much stress cannot be 
laid on the necessity for a close collabo- 
ration ‘between the railway companies 
and the port administration when it is 
proposed to alter or extend existing har- 
bours or to establish new ports. 


X,. — Methods to be used in marshalling 
yards to control the speed of vehicles 
being shunted, and to ensure they travel 
on to the lines in the various groups of 
sidings. 


SUMMARY. 


1. The methods employed in marshal- 
ling yards to control the speed of vehicles 
being shunted consist of : 


A. A rational disposition of the lines 
and of their profile in order to ensure 
the most rapid shunting possible. 


B. To obtain the necessary slowing 
down : 


a) Braking appliances fixed to the ve- 
hicle (hand-brakes) ; 

b) Portable shoes or slippers placed on 
the running rail or track by hand; 

c) Shoes, slippers or skates placed on 
the running rail or track by mechanical 
(including electrical) means such placing 
being controlled from a distance; 


1740 


d) Rail brakes or retarders parallel to 
the running rail or track, exercising 
either a lateral braking effect on the 
sides of the wheels of vehicles, or a brak- 
ing effort induced by eddy currents, this 
braking being controlled from a distance. 


2. Hand brakes a) and portable shoes 
b) necessitate the personal attendance or 
accompaniment of personnel for the pur- 
pose of applying braking when necessary 
and to the desired extent. 


3. Distance operated shoes or skates 
c) and rail brakes d) permit of comple- 
tely or partially centralised control of 
braking requirements, and enable some 
reduction in braking personnel to be ef- 
fected. 


4. In hand and portable shoe braking, 
as practised in England, the responsibi- 
lity may be divided between a number of 
individuals. 


5. In distance shoe or rail braking the 
responsibility is concentrated in one or 
a very few individuals who require to be 
located in an elevated position command- 
ing a bird’s-eye view of the sphere of 
operations. 


6. At all large yards, where hump or 
gradient shunting is in operation or when 
new yards are contemplated, consideration 
should be given to the question of instal- 
ling distance-controlled shoe or rail brak- 
ing methods. 


7. The difference in conditions, capa- 
city and weight of vehicles in general, in 
' the different countries, combined with 
the fact that distance-controlled shoe or 
rail brakes are in the process of develop- 
ment and improvement and the lack of 
experience of them in certain countries, 
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prevent any general conclusion being 
reached in favour of a particular type. 


8. The initial cost of introduction or 
conversion to complete distance-control- 
led shoe or rail braking is high in com- 
parison with methods employed hitherto, 
but savings varying in extent in differ- 
ent countries, by the reduction of person- 
nel, can be effected, of a permanent and 
continued character. 


9. The economies can be supplemented 
by grouping together the control of point 
or switch operation in the same location 
as the shoe or rail brake control. It may 
be desirable that the points should be 
« quick-acting » and it is advantageous, 
at high capacity hump yards, for the 
points to be capable of being pre-set elec- 
trically and automatically changed by the 
vehicles themselves. 


10. The primary considerations in re- 
gard to the gradient and height of the 
hump for distant-controlled shoe or rail- 
braking are that it shall be such that the 
worst running vehicle under the most 
adverse conditions, curvature of track, 
weather, etc., shall reach the full distance 
required. Also that the preliminary cha- 
racter of the gradient shall be such as to 
give a sufficient impetus to vehicles or 
cuts at the start, so that they are suffi- 
ciently separated prior to reaching the 
points or switches and shall not stop in 
the point or switching area. 


11. The necessary brake pressure to 
absorb, if required, the surplus speed can 
be concentrated or spread out through 
several appliances according to the power 
of the type employed. ii 

The space available could be taken as 
the predominating factor as to the type 
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of apparatus to adopt. It may be neces- 
sary, even with a very powerful type of 
apparatus, to possess several series of 
brakes in order to regulate the speed dur- 
ing the run from the hump and to main- 
tain the space between wagons of a dif- 
ferent co-efficient of running. 


12. In principle, in mechanical brake 
installations, the first set is usually plac- 
ed at the foot of, or immediately below 
the first or steepest part of the gradient 
with as many more sets as may be neces- 
sary, on the leads into the groups of 
sorting sidings, with a further set at the 
commencement of each of the individual 
sidings clear of the point or switching 
area. 


13. In purely rail braking installations 
the brake rails, one set or more as ney 
cessary, are usually located in the leads 
to the various groups of sidings only. 


14. The greater the extent to which 
braking power, with the necessary elas- 
ticity of application, can be concentrated 
in the fewest appliances, the less staff of 
operators is required, so that the work 
can be speeded up, as an operator, in- 
stead of having to watch a vehicle or cut 
through a succession of brakes, can the 
sooner turn his attention to the next on- 
coming vehicle or cut. 


45. Certain forms of rail brake make 
it possible to obtain a braking force pro- 
portional to the weight of the vehicle or 
cut, which is an advantage, provided the 
construction is such that light vehicles 
are not lifted out when pressure is ap- 
plied. . 


16. The initial cost of such rail braking 
appliances is at present comparatively 
high and -they necessitate certain stan- 
dard features of design of layout of track, 


2. é. the balloon-shaped formation, with 
points or switches at more or less equal 
radii from the hump. 


17. The initial cost of shoe braking ap- 
paratus is stated to be appreciably less 
and in suitable instances may be applied 
to existing lay-outs. 


18. Certain types of rail brake are of 
such length that brake pressure can be 
increased or decreased at will as vehicles 
or cuts of vehicles are passing through 
them. 


19. With the shoe brake there is not 
the same facility, as once the wheel has 
mounted the shoe the pressure is con- 
stant until the shoe leaves the track at 
what is a fixed position or cut-out. 


20. One form of shoe brake has its 
normal rest position at the lower end of 
the brake area and is propelled towards 
an oncoming vehicle to the pre-judged 
distance necessary, by the operator at 
will. 


21. Another form of shoe brake has its 
normal position at the higher or com- 
mencing end of the braking area and may 
be placed on the rail at will by the oper- 
ator as necessary and provides for the re- 
turn of the shoe to the starting point au- 
tomatically. 


22. Rail brakes may be operated or con- 
trolled electrically, hydraulically,or pneu- 
matically, or in part combination. 


93. A purely automatic shoe braking 
appliance governed by the speed and 
weight of vehicles approaching and by 
the extent of occupation of the siding to 


-be entered is in the experimental stage 


but this as yet appears to necessitate 
limiting to two at a time the number of 
vehicles being shunted. 
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24, Another appliance of interest which 
is at present being tried out is an acce- 
lerator which gives an additional impulse 
to badly running wagons or during un- 
favourable atmospheric conditions. 


25. A sufficient lighting arrangement 
of a modern type is desirable for all large 
marshalling yards, and particularly where 
rail braking or shoe braking methods are 
in force. 


26. Luminous signalling devices pro- 
viding suitable code is advantageous for 
controlling speed of hump operations, 
being duplicated as necessary and supple- 
mented by oral code signals such a& elec- 
tric or klaxon horns if required. It is 
found desirable to develop increasingly 
the systems which allow of the chief 
foreman directing operations to himself 
order the movements of wagons from the 
train about to be shunted. 


27. Mechanical means for the transmis- 
sion of cut lists or other documents af- 
ford a desirable means of expediting the 
conveyance of train papers, cut lists, etc., 
between the essential posts in the yard. 


28. Electric teletype machines afford a 
ready and expeditious means of transmit- 
ting at one operation the switching or 
cut lists and of giving instructions to the 
rail brake and point or switch operators’ 
cabin and other parts of the yard as ne- 
cessary. 


29. Loud speaker telephones for verbal 
messages are of considerable benefit far 
rapid communication between certain key 
positions in a hump yard. 


30. In general the advantages claimed 
for distance-controlled braking methods 
embrace some, if not all, of the follow- 
ing advantages, according to local cir- 
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cumstances, and the particular type of 
apparatus used : 


a) Reduction in number and cust of 
brakesmen; 

b) Damage to goods and rolling stock 
diminished, with consequent reduction in 
claims and maintenance costs; 

c) Increased safety of employees; 

d) Slow working due to adverse wea- 
ther conditions is counteracted; 

e) Operating capacity of yards is en- 
larged; 

f) Closing of small yards by concen- 
trating the work at one large yard; 

g) Certain yards closed during part of 
the 24 hours; 

h) Avoidance of employment of extra 
staff in bad weather, or when extra 
shunting has to be done. 

2) Reduction in locomotive-hours. 


31. In certain instances where space 
permits, economical use has been made 
of small tractors capable of running be- 
tween the different sidings and crossing 
the rails when necessary, for the purpose 
of propelling or hauling one or more 
vehicles at a time and assembling the ve- 
hicles which have been shunted. 


XI. — Signalling of lines for fast traffic 
and in main stations. 
Daylight signals. Automatic block system. 


SUMMARY. 


I. -—- (Which completes resolution 1 of 
the London Session.) . 

As the basis for signalling express 
train routes a stop signal with two posi- 
tions and an advance signal also with two 
positions are necessary. 

The determination of the minimum 
distance ‘between advance and home sig- 
nals should be based upon the most un- 
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favourable conditions of braking and vi- 
sibility. 

An extension of this signalling by ad- 
ditional signal positions may be neces- 
sary for the following purposes : 


A. — Home signals. 


1. To specify a speed limit through 
points adjacent to home signals (when 
branching off), or 


2. To indicate the route (at turn-outs). 


3. To permit the permissive passing of 
home signals after a preliminary stop. 


4. To permit heavy goods trains to run 
slowly past the stop signal on gradients. 


5. To specify speed limits through the 
section or on approaching the next home 
signal. 


B. — Advance signal. 


1. To indicate a limitation of speed 
(A1 or Ad). 


2. To indicate the route at the junc- 
tion (A2). 

It is indispensable to reduce to a mi- 
nimum the number of indications given 
by the signals, particularly in places 
where a number of signals are grouped 
and the suppression of the less impera- 
tive signals is to be recommended. 

In this connection mechanical signals 
giving three or four positions, and lumi- 
nous (daylight) signals, offer great ad- 
vantages, particularly when the distance 
between stop signals is small. The safe 
working of the service however places a 
hie on the elimination of pigpals, 


IJ. — (Completes rnaeen II of the 
London Session.) 


In certain cases, the use of a disc sig- 
nal, placed on a level with the eye of the 
driver, can also be considered. 


Ill. —- (Completes resolution III of the 
London Session.) 


Any further signal positions that are 
necessary can be obtained by grouping 
these lights in pairs or banks, which may 
be vertical, horizontal or diagonal, or by 
the addition of a marker light, or by a 
flashlight arrangement. Care must be 
taken that the extinction of one light does 
not result in an indication less favourable 
to security. 


' IV. — (Concerns resolution VI of the 
London Session.) 

The use of luminous signals, and par- 
ticularly of coloured light signals, is be- 
coming more and more general even on 
non-electric systems. 


Daylight signals have the avantage 
over position signals (semaphore—disc),. 
that their visibility is not affected by an 
unfavourable background, by mists or by 
twilight; they avoid moving parts which 
may be affected by frost. Daylight (lu- 
minous). signals are particularly suitable 
for giving more than three signal indi- © 
cations on one signal, by the supplemen- 
tary use of various groupings of pairs of 
coloured lights. A comprehensive signal 
of this kind which shews to the observer 
at any time only one definite signal as- 
pect is preferable to the combination. of 
several two or three-aspect conformation 
signals. 

Special care must be taken to see that 
a good horizontal dispersion of the lumi- . 
nous rays at curves is given, to the good 
visibility of the signal to a train arrived 
at its foot as also to the guarantees of se- 
curity as regards the source of supply of 
electric current. 
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VY. — (Completes resolution VII of the 
London Session.) 

Automatic block-working with suitable 
lay-out and methods of installation gives 
a better safeguard against incorrect sig- 
nalling than manual block-working. The 
automatic block-system allows of an econ- 
omy which is increased commensurately 
as the distance is increased between the 
cabins which it is necessary to have man- 
ned. It would further appear that in the 
present state of technical progress, the 
automatic block system should be limited 
to lines constructed with wooden sleepers 
and, when these carry dense traffic, it 
should be installed only where there is 
no objection to the permissive passage of 
a train into an occupied block section. 
The tendency is towards simplification 
in working methods which, without di- 
minishing safety, shall reduce to a mini- 
mum delays due to failures or irregula- 
rity. 


VI. — The use of power operation has 
rendered possible the control of extensive 
station installations from a single control 
frame. Such centralisation is particular- 
ly expedient when the outlying points are 
not used for shunting. 


The control of the whole of the safety 
appliances of a long stretch of line from 
a single dispatcher point has proved to 
be practicable, low-voltage batteries being 
installed locally for operating the points 
by means of slow-running motors. It is 
desirable to continue investigations on 
this subject. ' 


VII. — The methods adopted for en- 
suring the safety of shunting movements 
at large stations are on some railways si- 
tmilar to those used to safeguard the run- 
ning of trains; on another group of rail- 
‘ways, however, these safeguards are dis- 
pensed with and they are satisfied to 


protect the traffic against shunting by 
safety switches, train locks or mechanical 
blocks or derailers. 

It is desirable that further considera- 
tion should be given to this question, also 
to the advisability of making use of main 
signals for ensuring the safety of shunt- 
ing traffic. 


XII. — Economical traction methods for 
use in particular cases, as for example: 


A) Organisation of train services on 
the minor lines of the larye systems car- 
rying little traffic, and of little used 
trains on the more important lines of 
these systems. 


B) Use of special tractors for shunting 
in smaller yards and for certain work in 
large yards. 


Part A. 


1. The prime movers mainly used in 
train working on those lines of the great 
railways with little traffic and lightly 
loaded trains on the more important lines 
are steam locomotives of varying weight, 
of the ordinary types. 


2. Many of the railways also use rail 
motor coaches with or without trailers, 
with a steam or internal combustion en- 
gine (explosion or Diesel), or with accu- 
mulators, the power usually reaching 100 
to 150. H. P., or more, and in addition 
Diesel locomotives. There is a marked 
tendency to extend the use of such ve- 
hicles. Their’ substitution for heavy 
trains allows of higher speed and sup- 
plementary stops between stations with- 
out prolonging the total duration of 
journey. Their introduction, however, is 


of too recent date for definite conclu- 


sions to be formed concerning the econ- 
omies resulting from their use. 
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5. It is quite usual for vehicles fitted 
with an internal combustion motor to be 
driven by a single: man; steam locomo- 
tives are usually worked by two men. 


4. It is not possible to form any con- 
clusions as to which system is to be pre- 
ferred, since only long experience can 
furnish the data necessary for arriving 
at a definite conclusion. 


Part B. 


1. Electric capstans, alone or in con- 
junction with turntables; electric traver- 
sers and traversers hauled by a capstan or 
« locotractor ». The traversers are espe- 
cially valuable for shunting on lines to 
which access through points is not pos- 
sible. 


2. « Locotractors » with or without a 
capstan and worked by a single man. 
These « locotractors » are usually fitted 
with a petrol engine, sometimes with a 
Diesel or steam motor or with electric 
motors with accumulators. 

Certain of these systems have not yet 
been used sufficiently, in practice, to 
allow of a choice being made between 
them. 


They can be run on any track acces~ 
sible to wagons. 

They can moreover be adapted for 
shunting at a particular station, or adapt- 
ed for working several stations by travel- 
ling from one station to another on the 
main line. 

Petrol, Diesel and accumulator tractors 
have the advantage over steam « loco- 
tractors » of being always ready for work, 
and can be driven by the ordinary station 
staff. 


3. Road tractors, — independent of the 
track and therefore very flexible in use. 
These are particularly suitable for oper- 
ations otherwise carried out with the help 
of horses. 


4. By road tractors or tractors for nar- 
row gauge lines specially laid down in 
shunting yards for assembling marshal- 
led wagons, without stopping marshal- 
ling operations. These above all increase 
the capacity of marshalling yards, and 
provide means of reducing damage to 
trucks and of reducing working costs. 


II. —- Horses have practically ceased 
to be used for traction purposes. 


SECTION IV. — General. 


XIII. — Competition of road transport. 
Effect of road competition on goods 
and passenger traffic and the best meth- 


ods of meeting such competition, both as 
regards the main lines and the branches. 


SUMMARY. 


1. Because of the growing importance 
of road motor transport, and its compe- 
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tition with railway transport, the com- 
mon interest of both methods of trans- 
port, as also the public interest, requires 
an exact appreciation of their respective 
values as regards communications as a 
whole: also the coordination of their 
services. 
To attain this end it is necessary ‘to 
modify the present position of road mo- 
tor transport, which in most countries 
gives it an advantage over the railway, 
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also to make road transport bear its full 
share of road expenses : in short that the 
public charges shall be equally divided 
between these two methods of transport. 


2. The system of free competition al- 
lowed in some countries, or the purely 
formal authorisation of regular motor 
services without regard to existing com- 
munications and without sufficient gua- 
rantee of the civil responsibility of the 
concessions-holders, is not at all in the 
interest of the public. 


The concession of regular motor ser- 
vices competing against the railway or 
other communications already in exist- 
ence, which do not give the public any 
new advantages, should be prohibited. 
Before granting authority or a conces- 
sion for any regular motor service, the 
authorities concerned should be obliged 
to take into account the railways of the 
district and consult the owners thereof. 


3. The indisputable advantages of mo- 
tor transport, such as direct door to door 
services, operation by small units run- 
ning frequently and rapidly, immediate 
organisation of a service with but little 
capital expenditure, are a valuable adjunct 
to the railway in many cases — services 
between stations, tourist services, ete., — 
and everything points to the advantage of 
collaboration between it and the railway, 
which is the best method of transport for 
large numbers of passengers and quan- 
tities of heavy goods, 

To assure as far as possible a close col- 
laboration between motor and the rail- 
ways for transport as a whole, the rail- 
ways should have the preference for ob- 
taining the concession of regular motor 
services where they are prepared to take 
advantage of it. 


4. The competition of road transport 


is greatest over short distances [up to 50 
or 100 km. (34 to 62 miles) | and causes 
the diminution of railway traffic, vary- 
ing according to the number of the road 
vehicles and other circumstances; cases 
have been stated in which this loss has 
reached 24 % of the passenger receipts 
of trunk lines, and up to 60 % of those 
of local lines, and 10 % of goods on 
trunk lines. 

These figures include the losses due 
to the competition of irregular enter- 
prises, as well as cars and lorries owned 
by private individnals, which, in certain 
countries where motor traffic is highly 
developed, are much greater (four times 
as much in Germany) than the losses due 
to the competition of regular motor ser- 
vices. 


5. The costs of passenger transport on 
regular lines of motor omnibuses are 
usually about the same as second class 
on the railways, but in certain countries 
they are 60 % higher, in certain others 
they are lower than this. 

Goods rates for road transport are bas- 
ed on railway operations and are, for 
short distances, generally lower than the 
latter, but in certain countries several 
times greater. 

The diversity of these charges proves 
that the road transport competition, par- 
ticularly for passenger traffic, must in 
some cases be attributed to causes other 
than economy. 


6. To lessen road motor competiticn, 
the following improvements of rail trans- 
port have been successfully applied : 


a) Passenger traffic. 


Organisation of local services of light 
and frequent trains in the form of rail 
motor cars for lines of light traffie, with 
provision for numerous stops between 
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Stations, organisation of through trains 
over branch lines; organisation of trains 
at reduced costs at holiday times, im- 
provement of train connections at junc- 
tion stations, sleeping cars and uphol- 
stered seats in third class carriages, de- 
livery of luggage, etc.; 


b) Goods traffic. 

Speeding up of transport by means of 
direct services and complete loads, in cer- 
tain cases attached to passenger trains; 
the reduction of time on the journey ard 
Stops at stations; reforms in the consign- 
ing of goods, especially of parcels, with 
the object of facilitating their collection 
and delivery, and speeding up their con- 
veyance; a more prompt forwarding of 
goods from transhipment stations : orga- 
nisation of private depots for traders, etc. 


7. Road arrangements for ensuring a 
complete door to door service have been 
completed on certain railways in the form 
of motor lorry services organised by the 
railway company itself, or by means of 
agreements with private undertakings. 


8. The use of containers, which can be 
loaded either on wagons or motor lorries, 
is increasing rapidly on some railways and 
facilitates direct transport for « smalls » 
traffic. 


9, A great many railway companies are 
organising regular motor services as sub- 
sidiary undertakings, to act as feeder ser- 
vices, or to run parallel lines to relieve 
local congestion. Some of these railway 
companies (Pennsylvania Railroad — the 
Great French Companies — Dutch Rail- 
‘way Companies — Swiss Federal Rail- 
ways — Italian State Railways) have en- 
trusted the running of their regular mo- 
tor services as well as the cartage servi- 
ces, and the investigation of questions 
connected therewith, to companies that 
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they have organised as independent un- 
dertakings on capital provided by the 
railway. According to the information 
received these two types of subsidiary 
undertakings give promise of excellent re- 
sults due to the collaboration of road and 
rail, and it is to be hoped that. regular 
Statistics will be established on this and 
other matters. 


10. Mixed services of transport by rail 
and regular lines of motor buses belong- 
ing to the railways, or other undertak- 
ings, with optional itinerary, have been 


‘organised by several railways in the 


U.S. A. as well as in Europe and appear 
to be developing. 


11. Numerous reductions of passenger 
fares and goods rates have been made by 
many of the railways, particularly for 
journeys up to 100 km. (62 miles) for 
certain competitive traffics. 

The unfair position of railways in re- 
lation to road transport because of their 
obligation to adhere strictly to fixed ta- 
riffs has compelled several governments, 
Denmark, Holland, Italy, Rumania, Swit- 
zerland, Czecho-Slovakia, to make special 
agreements between the railways and tra- 
ders for transport at reduced rates, for a 
fixed period, of agreed quantities of 
goods. This measure has proved success- 
ful so long as the rates agreed on cor- 
respond with the reasonable cost of trans- 
port by lorry, and give the railways some- 
thing in addition to the actual cost. It 
appears desirable to bring this system 
into general application. 


12. The Railway Congress emphasizes 
the fact that the rail remains the most 
economical form of transport having re- 
gard to actual cost, between the points it 
serves, and beyond that it is necessary 
in the public interest that railways should 
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retain their traffic. Railways have to 
contend with the following difficulties : 


I. — They are subjected to legal obli- 
gations or regulations of a very onerous 
character ; 


II]. — They are burdened in many coun- 
tries with financial and fiscal charges 
higher than those of any other mode of 
transport. 

‘In order to avoid serious consequences, 
economic and financial, it is necessary 
to remove these two causes of inequality, 


13. Road transport has taken from the 
railways the monopoly of cheap and rapid 
communication which they formerly pos- 
sessed in the localities they served. The 
present legal regulation of railways in 
the different countries takes no account 
of the profound change in their situation 
in this respect. 

It appears to be necessary to lessen the 
burden of this legislation, which is one 
of the principal causes of successful road 
motor competition, which is often pre- 
judicial to the public interest, also to 
make rating systems more flexible in 
order to place railways on the same foot- 
ing as road motor organisations. 


14. The information furnished by the 
administrations, and other documents. 
prove that the competition of road trans- 
port, which is very serious on certain sys- 
tems because of local circumstances, has 
been lessened on other systems by the 
improvement and speeding up of rail 
transport, by the organisation of regular 


lines of automobiles forming auxiliary 


services and by mixed services of direct 
transport as well as by other measures, 
technical and commercial, of the railway 
administrations, supported by govern- 
ment regulations. aa 


Projects of legal reform with the ob- 


ject of regulating the obligations and 
charges of road motor services as well as 
the easing of certain obligations of the 
railways have been reported by several 
administrations. 

These examples make possible the hope 
that motor transport, duly co-ordinated, 
will become a powerful ally of railways 
end assist in completing and developing 
communications for the benefit of the 
community. 

With this end in view, the further 
study of the question by the administra- 
tions and by the Congress is strongly re- 
commended. 


XIV. — Use in railway work of machines 
for simplifying statistical and accoun- 
tancy work. 


SUMMARY. 


1. The efforts to make the operations 
necessary for the carrying on of corres- 
pondence, accounting and statistical work 
more economical, are a part of the great 
question of measures to be taken for ra- 
tionalization, The objective may now and 
then be reached by pure and simple ra- 
tionalization, but more generally by ra- 
tionalization coupled with mechanization. 


2. In order that when choosing the 
means, the appropriate ones may be se- 
lected, it appears worthy of recommenda- 
tion that every Administration should set 
up a special department whose duty 
should be to investigate uniformly the- 
basic questions concerning rationaliza- 
tion and mechanization and which, with 
its accumulated knowledge, should. stand 
behind the detached departngnys: in an 
advisory capacity. 


3. The common axiom governing me- 
chanization should be : The introduction 
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of office and similar technical apparatus 
is justified when, after taking into con- 
sideration purchase and high amortiza- 
tion costs due to rapid depreciation, sav- 
ings are made or indirect advantages, 
such as the quickening or improving of 
work, are gained, such as will offset the 
costs. 


4. Accurate judgment on the economic 
results of mechanization presupposes the 
existence of comparative accounting. The 
prompt production of the costs incurred 
by the introduction of machines and the 
working out of the costs of mechanical 
methods should therefore have careful 
attention. 


5. The degree to which machines are 
occupied has considerable influence on 
the cost of mechanical operation. The 
policy of keeping the machines fully em- 
ployed is therefore of the utmost impor- 
tance in the organization of the work; in 
many cases, the centralization of work 
will be a preliminary step. 


6. The office machines, mechanical in- 
stallations and similar apparatus at pre- 
sent to be found in the use of the rail- 
way administrations, are of extraordinary 
diversity; on account of the continued 
progress in this sphere, each Administra- 
tion must in future choose in the light 
of the common point of view previously 
developed, the machines which are best 
suited to its particular needs and oper- 
ations; an interchange of ideas at a later 
date is to be recommended, on the ex- 
perience accumulated, especially that con- 
cerning machines built solely for railway 
“purposes such as ticket printers and the 
like. ee Deere 


© 7. An advance of the very greatest im- 
portance in statistical and accounting op- 
erations is to be seen in the introduction 


for statistical purposes of the so-called 
perforated card machines. Their advan- 
tage lies in the possibility of carrying 
out certain investigations more rapidly and 
more accurately and in the possibility of 
deepening the researches and opening up 
fields of enquiry which could not be 
reached by purely manual methods. En- 
quiry is therefore possible into questions 
which, up till now, have been closed to 
investigation, especially on the economic 
side, and this makes possible the eluci- 
dation of important scientific problems 
regarding railway operation (cost prob- 
lems). 


8. The wider general introduction of 
the perforated card system will provide 
advantageous possibilities for interna- 
tional co-operation, especially in the mat- 
ter of reciprocal accounting and perhaps 
for the question of international traffic 
statistics. It is recommended that deve- 
lopments in this direction should be 
watched, and that later, at the appro- 
priate time, they should form the subject 
for further discussion. 


XV. — Co-operation of the staff towards 
increased efficiency and its participat- 
ing in the profits. 


SUMMARY. 


The Fourth Section considers that, in 
spite of the efforts made by the Repor- 
ters, the information received from dif- 


ferent Administations on the subject of 


Question XV is not conclusive. 

Tn these circumstances the Section sug- 
gests to the Permanent Commission that 
the matter be referred back for further 
investigation and inclusion on the agenda 
for the next Congress, in the following 
terms. and expresses the hope that the 
next Congress, by taking into account the 
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data already received and the further in- 
formation which will be collected, will 
be in a position to make suitable recom- 
mendations : 

Participation of the staff in the re- 
sults of working, under the various as- 
pects of the problem of treatment, during 
each year, with the view of enlisting the 
men’s close and harmonious co-operation 
in obtaining the maximum output and 
furthering the prosperity of the under- 
taking, at the same time giving railway 
users the best possible transportation at 
minimum cost. Methods of every kind 
will be considered and particularly the 
following : 


1. Methods of interesting the staff in 
the partial or complete results of railway 
working. 


2. Co-operation of the staff in the 
working of the undertaking (setting up 
sectional councils and suggestion sche- 
mes, etc.). 


3. Methods of binding the staff to the 
railway service (social work, pensions, 
housing schemes, medical benefits, insu- 
rance, etc.). 


4. Technical instruction. 


XVI. — Methods followed in training of 
staff, professional, technical and ordi- 
nary working grades. 


SUMMARY. 


The information furnished in reply to 
the questionnaire indicates that staff in- 
struction is well organised on the major- 
ity of the Railways. 

The following summary is submitted 
by the Section : 


1. Railway Administrations should take 


particular care to select candidates pos- 
sessing the necessary qualifications for 
the post to be filled. To this end candi- 
dates should be required to pass an ex- 
amination in general knowledge, or fur- 
nish a school certificate. Special exam- 
inations, including psycho-technical tests, 
should, however, be instituted if neces- 
sary. Several Administrations have made 
use of such tests with very satisfactory 
results; their extension is recommended. 


2. Preliminary instruction should be 
given before the appointees commence 
work. This instruction will, of course, 
vary in character and duration, for or- 
dinary workmen, artisans and clerks. 
Most Administrations have made arran- 
gements of this kind, particularly as re- 
gards apprenticeships. It is recommended 
that Administrations should take care to 
give their manual workers at least as 
good a training as that afforded by other 
industries in their respective countries. 

It is also recommended that all Rail- 
way Administrations in countries where 
military service is obligatory should give 
priority to their ex-apprentices who, on 
the termination of their military service, 
submit applications for employment in 
any posts that may be vacant. 


3. In view of the information furnish- 
ed by the various Administrations and 
the trials already carried out, it is recom- 
mended that employees should be given 
regular and methodical instruction in re- 
gard to new regulations, new develop- 
ments in their respective spheres of 
work, and be taught to carry out. their 
work economically (i. e. obviating waste 
of time or materials), punctually, and 
with safety to themselves, the public, and 


‘the rolling stock, ete. The employees 


should be required to serve probationary 
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periods, either in technical schools, or 
by instruction at the stations, depots, 
etc., using travelling schools (wagons- 
écoles), magic lanterns, and the cinema- 
tograph. Good results have been obtain- 
ed from instructional cinematographs, 
and their use is recommended. 

It is strongly recommended that men 
who work alone should receive careful 
instruction, and further that practical 
training should be given as regards the 
steps to be taken in the event of accidents 
or other emergencies. 


Furthermore, it is necessary to test the 
men from time to time to see that they 


have assimilated the knowledge imparted 
to them, and are making good use of it. 


4. It is also recommended that support 
should be given, as far as possible, to pri- 
vate institutions which provide tuition 
for the men, and attention is drawn to 
methods of teaching by correspondence, 
which has been successfully adopted by 
some Administrations. 


5. Finally, men of particular merit 
should have an opportunity of being test- 
ed in regard to their powers of judgment 
and ability to command, with a view to 
promotion to the higher grades. 


SECTION VY. — Light railways and colonial railways. 


XVII. — Penetration railways. 


Construction : 
a) Penetration railways in new coun- 
tries; 
b) Feeder railways in all countries. 


SUMMARY. 
Part A. 


It would appear from the remarks 
made during the discussion that it is de 
sirable that there should be a uniform 
gauge for the penetration railways in each 
country. 


Part B. 


With a view to remedying the present 
situation of feeder railways, it is recom- 
mended : 

4. That, while respecting the rights of 
capital invested, lines whose receipts are 
so inadequate that considerable deficits 
must result in the future, be closed down 


unless the State, Provinces, or Towns con- 
cerned will themselves cover such defi- 
cits with a view to conserving the natio- 
nal equipment; 


2. That lines closed down be replaced 
by motor services; 


3. That the working conditions of the 
remaining lines be improved with the 
financial assistance of the State, Provin- 
ces, or Municipalities concerned; 


4. As regards the attitude to be adopted 
towards road transport competition the 
Section refers to the conclusions adopted 
in conjunction with Sections IIT and IV. 


XVIII. — Improvements in the permanent 
way equipment of light railways. 


SUMMARY. 


Axle loads of the stock are increasing 
more and more, necessitating well made, 
dry, and well drained earthworths, and a 
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much stronger and more solid permanent 
way. 

Any gauge of track can be suitable ac- 
cording to local circumstances. 

Equally, the choice of traction is a mat- 
ter of convenience. 

The Vignoles rail which is almost ex- 
clusively used in the lines laid beside 
high roads or on special earthworks, has 
the following average characteristics : 

Gauge of track 1.435 m. (4 ft. 8 1/2 
in.); height 140 mm. (5 1/2 inches); 
width 130 mm. (5 1/8 inches); head 
60 mm. (2 3/8 inches), of an average 
linear weight of 38 kgr. (76.6 lb. per 
yard). Metre gauge: height 113 mm. 
(4 7/16 inches); width 90 mm. (3 1/2 
inches); head 45 mm. (4 3/4 inches) of 
an average linear weight of 23 ker. (464 
lb. per yard) for the lines worked by 
steam, and of 125 mm. (5 inches) height, 
105 mm. (4 1/8 inches) width, 57 mm. 
(2 1/4 inches) head, of an average linear 
weight of 32 kgr. (64.5 lb. per yard) for 
those worked electrically. 

The length of the rails varies generally 
between 9 and 18 m. (29 ft. 6 3/8 in. and 
59 ft. 5/8 in.) with a tendency towards 
the latter figure. 

There is a marked preference for leav- 
ing the top of the sleepers free from bal- 
last in view of the easier inspection and 
maintenance of the rail fastenings. 

The choice of the kind of ballast is 
chiefly guided by economic~reasons, al- 
though it is recognized that broken stone 
- constitutes the best ballast. 

Corrugated wear of rails only shows 
itself to a small extent on light railways. 
The remedy for this trouble can be found 
in the use of a good and homogeneous 
steel with a high tensile strength, a high 
elastic limit and the highest possible elon- 
gation. These different characteristics 


must be in suitable proportions to each 
other. 

The laying of the track is done with 
opposite joints on the straight, staggered 
joints being used only when laying in 
curves of a radius generally smaller than 
100 m. (5 chains). 

‘Creep is hardly apparent in light rail- 
ways. It is overcome either by the fixing 
of angle fishplates to the sleepers, or by 
stirrups which are fixed to the rails and 
the sleepers, or simply by stirrups against 
the heads of the coachscrews. 

Frequently, the rails are laid at an in- 
clination on the sleepers. This cant is 
obtained either by adzing the sleepers or 
by the shape of the sole plate or the chair. 
The first mentioned system is, however, 
the more generally used. 

The fish plates of the rails are becom- 
ing simpler and generalized by the angle 
fishplate with four or six bolts; the 
loosening of these is chiefly prevented by 
spring washers, Grover type, or by ten- 
sion plates. 

Grooved or twin rails are used on the 
inner line of curves of a small radius. 
In this case the use in the outer line, of 
rails made of high tensile steel or special 
steels (manganese and chrome-nickel) is 
recommended. 

Barberot keys can be used with econ- 
omy on the outer rails of small curves. 

The use of sleepers is general. Sleep- 
ers of oak, or pine impregnated with 
creosote, are the most used. 

The rails are fastened to the wooden 
sleepers by means of coachscrews either 
direct or in conjunction with steel sole 
plates, without marked preference for 


either system. 
_ When metal sleepers or ferro-concrete — 


sleepers are used, the fastening of the 
rail is usually by means of clips and bolts. 


~ The metal sleeper has advantages as 


regards duration and the security of the 
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fastenings; it is not however extensively 
used. 

Concrete sleepers are being increasingly 
used, although they are costly and rather 
difficult to handle. The type consisting 
of two supports with large bearing sur- 
face joined by a small metal tie bar or by 
a ferro-concrete bar is generally prefer- 
red. It gives very encouraging results. 

The welding of rails is not yet general 
practice. 

Experiments made ona large-scale and 
of long duration show, however, the con- 
siderable advantages which can be obtain- 
ed therefrom and encourage the develop- 
ment of its use. 

Thermit welding has up to now only 
been employed for new lines; are welding 
for old rails, repairs to points and cross- 
ings and building up of rail ends. 

The process generally adopted when 
eleetrically welding rails consists in weld- 
ing the fishplates of the rails, to stiffen 
up the joint by a plate welded under the 
foot and to weld the heads of the rails 
together. 

Electric welding of the rails end to end 
without fishplates is, however, develop- 
ing, and it would be interesting to see it 
continued in view of the encouraging re- 
sults obtained during the experiments. 

The limit, as regards length, of the 
parts of the line to be welded on special 
site or beside high roads is a matter of 
the temperature fluctuations in the dis- 
trict. For a temperature fluctuation of 
60° C. (108° F.) the welded length can 
go up to 60 m. (197 feet) without incon- 
venience. 

The use of heat treated cast steel in the 
manufacture of crossings is developing 
and gives very satisfactory results. 

The experiments with special manga- 
nese or chrome-nickel steel for the manu- 
facture of parts subjected to much strain 
(crossings and crossovers) have given 


entire satisfaction from the economic 
point of view as well as from that of wear. 


XIX. — Electrification of secondary lines. 


SUMMARY. 


!. From the technical point of view, 
the railway operators have merely to 
make their selection, single phase current 
and high tension continuous current with 
overhead equipment having demonstrated 
their suitability whilst the principal 
firms supply perfectly satisfactory equip- 
ment. 


2. Electrification of the main lines, and 
that of large areas by utilising natural 
motive forces and the recent improve- 
ments in mercury vapour rectifiers have 
facilitated the use of electric traction, 
particularly in the case of high tension 
continuous current, which has been made 
possible by the use of motors with com- 
mutating poles. 


3. From the ecoriomic standpoint, how- 
ever, electrification is generally only jus- 
tifiable in the case of lines which possess 
features favourable to the system (cheap. 
current, dear coal, sufficiently heavy pas- 
senger traffic, difficult conditions, neces- 
sity of meeting competition) and, above 
all, in the case of new lines. 


4. Nevertheless, especialy in new coun- 
tries, the general interest may lead to the 
adoption of solutions which are not fully 
justified from the point of view of the 
return on the invested capital, but neces- 
sary for the development of the country. 
In such cases it may be in the interest 
of the community to cover the expenses 
of electrification out of the national or 
provincial budgets, so that the burden of 
those expenses will then in part fall upon 
the tax-payers, and not on the users 
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alone. This, moreover, is the case with 
roads, canals, ete. 


5. When it is desired to avoid the in- 
stallation of contact lines, the problem 
may be solved either by the electrifica- 
tion of rolling stock only, or by the use 
of rail motor vehicles. 


XX, — Rail motor vehicles. 


SUMMARY. 


From the three reports presented it ap- 
pears that : 


1. In France, up to the present, is has 
been the general practice to manufacture 
light rail motor vehicles fitted with pe- 
trol engines, the Diesel engine having so 
far been little used owing to its high 
weight and cost. 


2. In the other countries of Europe 
two types of internal combustion motor 
vehicles are in use: 

A light type with a power of less than 
100 H. P. usually fitted with a petrol en- 
gine and with mechanical transmission; 

A heavy type of 180 to 250 H. P. with 
Diesel engine and with electric transmis- 
sion. 

In Europe use is also made of accumu- 
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lator motor vehicles and internal com- 
bustion vehicles using producer gas. 


3. Throughout the rest of the world all 
these types are found, with a strongly 
marked tendency in the United States 
and Canada to very high power, using 
Diesel engines with electric transmission. 

The reports unanimously agree in stat- 
ing that when the power exceeds 150 H. P.., 
electric transmission is essential, and all 
find an appreciable saving in the use of 
rail motor coaches. 

To summarize, it may be stated that : 

Wherever traffic permits of the sub- 
stitution of a motor vehicle for a steam 
train, experience shows that the substi- 
tution is financially an advantage, and 
this advantage will become more appre- 
ciable when the tests at present in pro- 
gress with new fuels (heavy oil, charcoal, 
etc.), and even with other sources of 
energy, such as electric accumulators, 
have confirmed the results achieved to 
date. 

Further, the Congress expresses the 
hope that manufacturers will produce 
standardized types, thereby reducing the 
first cost, which up to the present has 
been so high as to prevent the general 
adoption of those rail motor vehicles the 
use of which is really economical. 


NEW BOOKS AND PUBLICATIONS, 
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Report on progress in Manchuria 1907-1928. The South Manchuria Railway. — One volume of 
238 pages with map and numerous illustrations. — 1929. Published by the South Manchuria 


Railway, Dairen. 


The object of this book is to show 
the considerable economic development 
which has taken place in Manchuria 
during the last twenty years. The pro- 
gress achieved in the agricultural, in- 
dustrial and commercial spheres has 
only been possible thanks to the deve- 
lopment of the railways and, according- 
ly, the first part of the report is devoted 
to a history of the railways and a de- 
scription of their organisation and pre- 
sent situation. 

The Manchurian railways have a total 
length of more than 3000 miles, about 
half of which is owned by China, a 
third by Russia and the remainder by 
Japan. The South Manchuria Railway 
in particular, which passes through the 
heart of this great country, with a ter- 
minus at the recently improved port of 
Dairen, and is linked up with the lines 
which run across China proper and 
Korea and westwards towards Europe, 
has been an important instrument in in- 
creasing the prosperity of the agricul- 
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ture and 
churia. 

The South Manchuria Railway system 
is operated by a Company constituted 
on the intervention and with the co-op- 
eration of the Japanase Government, 
which possessed proprietary rights over 
the railways and coal mines. The book 
describes in detail the constitution of 
the company, its administration and fi- 
nancial organisation, its financial po- 
licy, the nature and the development of 
ithe traffic, and the working results, 
which reveal a flourishing situation. 

The other chapters of the book are de- 
voted to an analysis of the progress 
achieved in commerce, agriculture, min- 
ing, forestry, fishing, manufactures, mo- 
netary organisation, etc. 

In an early chapter we are given an 
insight into the political events which 
have led up to the present situation, and- 
an appendix contains the text of the more 
important diplomatic documents, treaties 
and conventions affecting the railways. 


international trade of Man- 


2. — Reorganisation of Crewe Locomotive Works, London Midland and Scottish Railway. — One vo- 
lume of 120 pages with numerous illustrations and plates. — 1929, London. Published: by 
The Rai way Engineer, 33, Tothill street, S. W. 1. (Price: 15 sh. nett) 


The Crewe Locomotive Works of the 
London Midland & Scottish Railway 
have recently undergone a complete re- 
organisation. The object was to increase 
cutput and to reduce the periods during 
which locomotives are immobilised for 


repairs. The works are now in a posi- 
tion to repair from 30 to 35 locomotives 
per week and to turn out 100 new loco- 
motives per year. 

The general method of working is 
that known as the « chain » system 
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